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FOREWORD 


This  publication  is  one  of  a  series  of  reports  containing  informa- 
tion for  the  hydrologlc  design  of  conservation  structures  and  practices 
on  agricultural  lands  In  basic  land-resource  areas  in  the  United  States. 
The  information,  procedures,  and  recommendations  contained  In  th&sd  re- 
ports are  based  on  runoff,  rainfall,  and  other  hydrologlc  data  ob- 
tained In  runoff  research  and  other  research  prefects  conducted  by  the 
Soil  Conservation  Service  In  cooperation  with  the  State  agricultural 
experiment  stations.  United  States  Heather  Bureau  records  of  precipi- 
tation and  other  data,  records  of  stream  flow  of  the  United  States 
Geological  Survey,  and  available  records  from  other  sources  are  used  In 
these  pub  I  Ications. 

This  report  is  limited  to  peak  rates  of  runoff  for  design  purposes 
and  constitutes  the  first  tuo  parts  of  a  publication  which  will  cover, 
in  addition  to  peak  rates,  a  third  part  on  the  total  runoff  yields  In 
relation  to  their  distribution  and  frequency  of  recurrence.  Information 
on  peak  rates  Is  being  released  at  this  time  to  meet  the  urgent  need  for 
this  type  of  data. 

Basic  hydrologlc  data  for  the  Coastal  Plains,  particularly  runoff 
records  from  small  agricultural  watersheds,  are  stilt  very  limited  with 
respect  to  range  In  watershed  size,  length  of  record,  soil  conditions 
represented,  and  land-use  practices  investigated.  There  is  a  lack  of 
adequate  Information  on  the  inter-relation  of  rates  and  amounts  of  run- 
off to  size  of  drainage  area  under  pasture,  plowland,  and  woodland  use, 
for  various  soil-condition  complexes.  Runoff  Investigations  must  be 
conducted  over  a  sufficient  period  of  years  to  verify  the  values  of  the 
frequency  of  recurrence  of  10-  and  2S-year  rates  used  in  this  report. 
Accordingly,  the  Information  presented  herein  Is  considered  as  tenta- 
tive and  subject  to  revision  when  more  reliable  data  from  longer  periods 
of  record  have  been  collected  and  additional  studies  undertaken  to  make 
up  the  deficiencies  In  basic  hydrologlc  data. 

Tables  4,  6,  8,  7,  and  8  and  figures  2,  3,  4,  and  5  of  this  publi- 
cation, together  with  pertinent  Instructions  and  recommendations,  have 
been  prepared  In  such  form  that  they  can  be  used  In  handbooks  or  In- 
structions of  agencies  concerned  with  the  planning  and  financing  of  con- 
servation and  drainage  structures  In  the  Coastal  Plains  area  in  Hew 
Jersey,  Maryland,  and  Delaware. 


M.  L.  Nichols 
Qhief  of  Research 
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RATES  OF  RUNOFF 
COASTAL  PLAINS  OF  NEW  JERSEY.  DELAWARE.  ANO  MARYLAND 

by 

Harold  W.  Hobbs,  Agricultural  Engineer 


INTRODUCTION 


The  need  for  information  on  the  peak  rates  and  amounts  of  runoff  from  small  agri- 
cultural drainage  areas  has  long  been  recognized  by  agricultural  workers  and  engineers. 
The  early  lay-out  and  increasing  use  of  roads  and  highways,  and  later,  railroads,  com- 
oelled  the  gradual  improvement  of  their  drainage  facilities.  The  choice  of  size  of  open- 
ings for  culverts  and  bridges  to  handle  runoff  from  agricultural  areas  had  to  be  made. 
This  was  done  by  guesswork  at  first  and  later  by  empirical  formulas  based  largely  on 
rationalization  from  runoff  data  from  larger  drainages.  When  culverts  or  bridges  washed 
out  from  flood  peaks,  the  openings  were  generally  enlarged  when  they  were  rebuilt.  Such 
cut  and  try  methods  of  design  were  costly. 

The  first  actual  runoff  information  for  small  areas  came  from  Ramser's  exploratory 
studies  in  1917  and  1918  on  the  6  field-size  areas  ranging  from  1.25  to  112  acres  on  the 
Murchison  farm  near  Jackson,  Tenn.^  In  1933,  when  the  extensive  program  of  soil  conser- 
vation got  under  way,  Ramser  published  a  set  of  curves^  for  unterraced  areas.  These  were 
based  largely  on  the  Jackson  results  and  data  obtained  on  small  watersheds  located  on 
several  of  the  first  10  Federal  soil  erosion  experiment  stations  established  in  1929- 
The  curves  gave  recommended  runoff  rates  in  cubic  feet  per  second  for  drainage  areas  of 
1  to  1,000  acres  for  'rolling'  timber,  pasture,  and  cultivated  areas,  and  higher  rates 
for  'hilly'  conditions.  These  curves  applied  directly  to  the  area  included  in  Meyer's 
Group  3  of  States  extending  from  Kansas  to  Massachusetts . ^  Factors  were  supplied  for 
Meyer's  four  other  groups  of  States  lying  east  of  the  Rocky  Mountains,  by  which  the 
Group  3  curve  values  could  be  reduced  for  the  more  northerly  locations,  and  increased 
for  the  areas  to  the  south.  These  curves  were  widely  used,  not  only  in  the  regions 
recommended  by  Ramser,  but  also  in  the  Western  States.  Early  in  1935,  runoff  curves  for 
terraced  areas*  were  also  distributed  to  agricultural  workers,  giving  Ramser's  recom- 
mendations. With  the  publication  late  in  1935  of  Yarnell's  bulletin  on  rainfall  in- 
tensity-frequency dataS  the  use  of  Ramser's  runoff  coefficients  in  the  rational  method 
was  extended  to  all  parts  of  the  United  States. 


iRamser,  C.  E.  runoff  from  small  agricultural  areas.  Tour,  of  Agr.  Res.  34:  797- 
823,  illus.  1927. 

2RAMSER.    C.    E.      BRIEF    INSTRUCTIONS  ON   METHODS   OF  OULLY   CONTROL.      U.    S.    Dept.    Agr.,  3ur. 

Agr.  Engin.  35  pp.,   illus.     1933.  ElimeograohedTj 

sMkyer.  a,  F.  ELEMENTS  OF  HYDROLOGY.  p.  166,  Ed.  2.  Tohn  Wiley  and  Sons,  New  York. 
1928. 

*Ellison,  W.  D.  enqineerino  practices  and  standard  plans-for  e.  c.  w.  erosion  COWROL 
CAMPS.    U.  S.  Soil  Conserv.  Tech.  Pub.  12.     69  pp.,  illus.     1936-  ©imeograohedj 

"Yarnell.  D.  L.  rainfall  intensity- frequency  data.  U.  S.  Dept.  Agr.  Misc.  Pub.  204, 
67  pp. ,  illus .  1935. 
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However,  general  observations  by  workers  in  various  oarts  of  the  country,  together 
with  preliminary  results  from  the  erosion  experiment  stations,  indicated  the  inadvisa- 
bility  of  applying  the  limited  data  from  Tennessee  and  elsewhere  in  such  a  widespread 
manner.  The  available  rainfall-intensity  data  proved  inadequate  as  a  tool  for  applying 
the  meager  runoff  information  to  remote  areas.  It  soon  became  evident  that  rainfall  in- 
tensity and  amount  were  only  two  of  a  number  of  factors  which  determine  the  intensity  of 
runoff  from  a  given  area  at  a  particular  time. 

Recognizing  the  urgent  necessity  for  obtaining  runoff  rates  and  amounts  more  nearly 
applicable  to  the  various  regions  of  the  country,  plans  were  developed  late  in  1936  by  the 
Soil  Conservation  Service  for  initiating  runoff  studies  on  farms  in  demonstration  projects. 
Later,  similar  studies  were  inaugurated  on  State-owned  lands  administered  by  State  agri- 
cultural experiment  stations.  (See  fig.  1,)  As  a  part  of  the  Nation-wide  program  of  this 
phase  of  soil  conservation  research,  four  watersheds  were  selected  on  farms  near  Freehold, 
N.  T't  as  representing  conditions  typical  of  the  northern  Coastal  Plains  area  of  New 
Tersey,  Delaware,  and  Maryland.  For  administrative  reasons,  the  selection  of  the  Free- 
hold watersheds  had  to  be  restricted  to  willing  cooperators  of  the  17.133-acre  Manalapan 
Creek  liemonstration  Project.  Runoff  and  precipitation  stations  were  constructed  on  the 
watersheds  in  1937,  and  the  collection  of  records  began  in  February  1938.  These  stations 
were  discontinued  in  October  1943  with  almost  6  years  of  runoff  data  available. 

In  1939,  in  cooperation  with  the  University  of  Maryland  Agricultural  Experiment  Sta- 
tion, the  Soil  Conservation  Service  set  up  agricultural  hydrologic  studies  on  the  Plant 
Research  farm  of  the  station,  which  is  located  northwest  of  College  Park,  Md.  The  choice 
of  areas  in  this  case  was  even  more  restricted  as  the  only  available  land  consisted  of  the 
S28-acre  farm.  The  areas  selected,  therefore,  do  not  represent  every  condition  in  the 
Coastal  Plains  area.  It  is  felt,  however,  that  the  experimental  watersheds  are  typical 
of  a  good  deal  of  the  agricultural  land  in  this  land- resource  area..  Five  watersheds  were 
put  into  operation  in  1939,  and  four  additional  drainage  areas  in  1940.  In  1943,  a  tenth 
experimental  watershed  was  added.  The  College  Park  studies  are  still  being  carried  on  and 
at  the  time  of  this  report  have  furnished  3  to  6  years  of  runoff  records  from  which  to 
estimate  the  probable  frequencies  of  recurrence  of  peak  rates  of  flow,  under  various  agri- 
cultural practices. 

PART  I 

GENERAL  DESCRIPTION  OF  THE  EXPERIMENTAL  WATERSHEDS 


The  characteristics  of  the  Freehold  and  College  Park  watersheds  are  summarized  in 
tables  1  and  2-  They  are  more  fully  described  under  the  heading  'Detailed  Descriptions  of 
the  Experimental  Areas'  in  Part  II  of  this  report. 

The  term  'prevailing  slope'  refers  to  slopes  occupying  30  percent  or  more  of  the 
area.  The  length  of  the  principal  waterway  is  the  distance  in  feet  from  the  gaging  sta- 
tion along  the  drainageway  to  the  point  where  water  concentrates  sufficiently  to  produce 
channel  flow.  The  slope  of  the  principal  waterway  is  the  average  slope  from  beginning  to 
end  of  its  length.  The  drainage  density  is  the  total  length  of  all  waterways  in  feet  di- 
vided by  the  area  in  acres.  The  form  factor  is  a  dimensionless  number  serving  as  an  in- 
dex of  the  shape  of  the  watershed.  The  area  in  square  feet  is  divided  by  the  square  of 
the  length  of  the  watershed  measured  in  a  straight  line  in  the  general  direction  of  the 
principal  waterway.  In  cases  of  watersheds  lying  all  to  one  side  of  the  principal  drain- 
ageway, a  single  diversion  terrace  for  example,  the  area  is  doubled  and  shown  over  a 
denominator  of  2.     On  cropland-terraced  areas  the  index  probably  has  no  significance. 


4 


Table  [.--Characteristics  of  the  Freehold,  H.  J.,  drainage  areas 


Watershed  designation 

H.  Surgent 
(kHi) 

T.  smith 
1) 

J.  Sherrard 
(W-l II) 

W.  ward 
(w- 1 V ) 

Area  -  acres 

Length  watershed  -  feet 
Average  #idth  -  feet 

15.7  to  Aug.  '38,  in- 
creased to  17.5. 
1.210 
630 

34.2  to  Feb.  '39,  re- 
duced to  32. 9 
1,860 
770 

51.8 

2,910 
775 

102.  7 

3.550 
1  260 

SO  i  1  S ; 

Physical  characteristics 

Light  textured,  deep, 
*el 1-drai  ned. 

Light  textured,  deep, 
wel 1-d rained. 

Light  textured,  deep 
to  moderately  deep, 
wel  1-draI  ned. 

Light  textured,  deep 
well  to  excessively 
drai  ned.^ 

Major  type  or  types 

Freehold  sandy  loam. 

Freehold  sandy  loaoi.. 

Freehold  sandy  loam  and 
I  oam. 

Freehold  sandy  loam  and 
loamy  sand. 

Range  in  depth  -  inches 

18  to  38 

18  to  82 

8  to  36 

18  to  36 

Average  depth  or  average 
depth  to  impeding 
stratum  -  i nches 

35 

42 

32 

35 

Range  In  land  slope  -  percent 

1  to  12 

1  to  15 

0.8  to  IS 

1  to  12 

Prevailing  land  slope  or 
slopes  -  percent 

3 

2.5  and  5 

1.5  and  5 

2  and  5 

Length  of  principal  waterway- 
feet 

945 

1.340 

2,350 

2,050 

Average  slope  of  principal 
waterway  -  percent 

2.86 

2.62 

1.53 

1.70 

Drainage  density  -  length  of 
waterways  per  acre  -  feet 
per  acre 

363 

144 

70. 1 

Form  factor  A 

A  —  trtt    in  »qnar»  {»»t 
L  —  lanith  of  tr»a  in  faat 

0.976 

0.428 

0.310 

j 

0.580  1 

Land  use 

Cropland  terraces,  planted 
to  truck  crops  on  contour. 

Potatoes  and  general  crops 
planted  off-contour, 
17*  strip  cropped. 

Potatoes  and  general  crops 
planted  off-contour, 
22*  pasture. 

Potatoes  and  general  croos 
planted  off-contour. 

^Freehold  loamy  sand  occupies  only  i?  percent  of  area.  6  percent  in  drainageways. 
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The  fore(?oing  data  are  indicated  so  that  they  may  be  used  to  evaluate  other  areas 
in  relation  to  these  from  which  runoff  rates  have  been  derived  and  thus  serve  as  a  guide 
for  use  in  the  application  of  the  results. 

For  detailed  information  on  topography,  soils,  slopes,  erosion  history,  and  cover  or 
cropping  procedures  on  the  experimental  areas  see  maps,  figures  12  to  22,  at  the  end  of 
Part  II  of  this  publication.  Pertinent  descriptive  information  for  the  individual  drain- 
age areas  is  given  in  the  text,  pages  46  to  47  and  53  to  54.  This  information  is  deemed 
essential  to  the  proper  interpretation  of  the  results  from  these  studies. 

INSTRUMENTATION  AND  COLLECTION  OF  RECORDS 

The  runoff  measuring  devices,  consisting  of  broad-crested  concrete  weirs  and  sheet 
metal  H-flumes  and  the  precipitation  stations  for  the  various  experimental  areas  are 
listed  in  table  3.  Some  of  them  are  illustrated  in  plates  1,  2,  and  3,  pages  8,  9,  and 
10. 

Table  z.-Hmoff  and  precipitation  measuring  stations  on  the  experimental  areas. 


Wate  rshed 

Runoff  measuring  stations 

Precipitation  measuring 

stat  i  ons 

des  i  gnat  i  on 

Control  type 

Crest  slope 

Capac  i  ty 

Des  i  gna- 

Reco  rd  i  ng 

Chart  (clock 

and  area 

and  head 

c .   f ..  s . 

t  i on 

capac  i  ty 

cy 

inder  re- 

ac  res 

i  nches 

vo 1 ves  once ) 

FREEHOLD,  N 

.  J. 

Su  rgent  (  W-l  ). 

30-in.  compound 

3: 

1  (.  Ift.  ) 

102 

R-  1 

6 

i  n 

12  hours 

15.   7  and  |7.5 

cone  r .   we i  ri 

5: 

111.5  ft.-) 

Smi  th  (W-l 1  ) 

30-in.  concrete 

2: 

1   ( 3  ft.  ) 

91 

R-2 

6 

week  1 y 

34.2  and  52.9 

we  i  r 

R-3 

6 

i  n 

1  2  hou  rs 

Sherrard  (  w-l 1 1  ) 

30-in.  concrete 

2: 

1   (  4.  5  ft.  ) 

286 

R-4 

6 

we  e  k 1 y 

51.8 

wel  r 

R-5 

6 

i  n 

1 2  hou  rs 

ward  ( w-l V) 

30-in.  concrete 

5: 

1    (  3.  3  ft.  ) 

320 

P.-6 

6 

week  1 y 

102.7 

wei  r 

R-7 

6 

i  n 

1 2  hou  rs 

UNIVERSITY 

OF  MARYLAND- 

-COLLEGE  PARK,  MD. 

W-l  and  w-l  1 

l6-in.  concrete 

3: 

1    (  2.  25  ft.  ) 

65 

R-l 

29 

i  n 

12  hours 

8. 22  and  7-  44 

we  i  rs  ( 2 ) 

6 

i  n 

12  hours 

W-l  II   and  w-l  V 

l6-in.  concrete 

3: 

1    (2.5  ft.  ) 

89 

R-3 

29 

i  n 

12  hours 

96.06  and  8g_  |  | 

wei  rs  ( 2  > 

6 

i  n 

1 2  hou  rs 

W-V  ( 4.07 ) 

H-3  flume 

3 

ft.  heado 

30.7 

R-2 

26  9 

week  1 y 

W-VI  and  W-VI 1 

H-3  f i  umes  (  2) 

3 

ft.  head" 

30.7 

3.53  and  83.52 

R-4 

9 

i  n 

12  hours 

W-VI II    ( 2. 43) 

H-2. 5  flume 

2. 

5  ft.  head" 

19.4 

S-6 

USWB  std. 

n  on- 

reco  rd  i  ng 

W-IX  ( 12.05) 

H-3  flume 

3 

ft.  head* 

30.7 

R-5 

9 

,  in 

1 2  hou  rs 

W-X  (3.04) 

H-3  flume 

3 

ft.  head" 

30.7 

R-9 

6 

i  n 

1  2  hou  rs 

^Compound  crest  slope,  3  feet  horizontal  on  1  foot  vertical  for  1  foot,  then  5  on  1  for 
1.5  feet. 

'For  1939  and  1940  only. 

8See  table  2  for  complete  data  on  areas. 

"Crest  slope,   10-13/16  inches  horizontal  to  12  inches  vertical. 
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Wei  rs  and  Flumes 

The  weirs  and  flumes  were  calibrated  in  the  United  States  Bureau  of  Standards  and 
Cornell  University  Hydraulic  Laboratories,  using  one-tenth  to  full  scale  models.  The 
characteristics  of  these  measuring  devices,  rating  tables  for  various  approach  channel 
conditions  and  structural  details  are  fully  described  in  a  technical  publication  of  the 
Soil  Conservation  Service.®  All  installations  on  the  experimental  areas  covered  in  this 
report  were  designed  for  free  flow  conditions,  and  the  effect  of  submergence  (high  tail- 
water  levels)  does  not  have  to  be  considered,  see  plate  2.  B-  Slope  factors  for  the 
concrete  weirs  were  determined  in  ail  cases  and  corrections  applied  to  the  rating  tables 
for  the  deviation  of  the  actual  weir  from  theoretical  or  laboratory  dimensions.  Back  of 
several  weirs,  it  was  impossible  to  avoid  considerable  ponding  due  to  flat  gaging  sites. 
Where  necessary,  rapidly  rising  hydrographs  were  corrected  for  this  pondage  which  is  a 
plus  correction  on  rising  stages  and  a  minus  correction  on  falling  stages.^  The  flumes 
are  constructed  of  galvanized  sheet  metal  and  angles  to  accurate  dimensions  and  shape  and 
have  been  maintained  in  proper  adjustment.  All  flumes  were  installed  in  such  a  manner  as 
to  make  the  effect  of  pondage  back  of  them  negligible.  In  all  cases,  records  of  flow 
over  the  weirs  and  through  the  flumes  were  obtained  with  Friez  FW-1  reversing,  unlimited 
stage  water-level  recorders  fitted  with  charts  of  sufficiently  open  scale  to  determine 
time  to  the  nearest  minute  and  gage  heights  to  the  nearest  0.01  foot.  Laboratory  tests 
of  the  flumes  and  weirs  indicated  accuracies  within  1  percent  or  less.  Under  field  con- 
ditions, however,  the  records  may  be  considered  to  be  within  5  percent. 

Rain  Gages 

Friez  recording  non-reversing  rain  gages  of  6-  and  9-inch  capacity  were  used  to 
measure  the  rate  and  amount  of  precipitation.  Open  time  scales  (12-hr.  charts  on  which 
1  in.  of  chart  equals  62  minutes  of  time)  were  used  for  recording  the  rain  graohs  insuf- 
ficient detail  to  determine  time  to  the  nearest  minute  and  depths  of  precipitation  to 
the  nearest  0.01  inch.  Some  of  the  rain  gages  were  equipped  with  weekly  charts  to  facil- 
itate the  determination  of  dates  and  times  of  precipitation.  All  recording  gage  records 
were  verified  by  a  standard  Weather  Bureau  gage  placed  6  feet  distant  and  at  the  same 
level.    Recorder  catches  were  also  measured  in  the  measuring  tubes  of  the  standard  gages. 

Meteorological  Stations 

Meteorological  stations  were  located  on  the  Smith  (W-TI)  area  at  Freehold  and  on 
the  W-I  and  W-IX  areas  at  College  Park.  Air  temperature,  humidity,  and  soil  temperatures 
at  three  depths  were  recorded  on  weekly  charts.  The  readings  of  counting  anemometers 
were  taken  on  all  visits  to  the  areas  to  determine  the  total  wind  movement  in  miles.  Air 
temperature  was  checked  by  maximum  and  minimum  thermometers,  soil  temperatures  by  soil 
thermometers,  and  humidity  by  wet  and  dry  bulb  psychrometers . 

Notes  on  Watershed  Conditions 

Records  of  time  of  plowing,  planting,  cultivating,  and  harvesting  of  crops,  to- 
gether with  height  and  density  of  crops  and  cover,  observations  on  erosion,  snow  cover, 
frost,  and  other  watex'shed  conditions  were  kept  in  field  books,  on  maps  or  charts  fol- 
lowing standard  orocedures  developed  on  a  Nation-wide  basis,  and  modified  only  where 
local  conditions  required  it. 


^Harrold,  L.  L. ,  and  Krimoold,  D.  B.  devices  for  iieasurino  the  rates  and  amounts  of 
RUNOFF  EMPLOYED  IN  SOIL  CONSERVATION  RESEARCH.  U.  S.  Soil  Conserv.  Serv.  Tech.  Pub.  51, 
42  pp.,  illus.     July  1943.  [Processed.]] 

■'Krimoold,  D.  B.  ,  and  Weber,  J-  L.  pondaqe  corrections  involved  in  measuring  surface 
RUNOFF  FROM  SMALL  DRAINAGE  BASINS-  U.  S.  Soil  Conserv.  Serv.  18  pp.,  illus.  November, 
1939.  [NlimeograohedT] 


At  Runoff  from  nelting  snow  going  over  both  weirs  at  gaging, 
station  W-I  (6.22  acres)  on  right  and  W>II  (7.44  acres^  on 
left,  April  1,  l942f  at  College  Park.  These  are  similar 
broad-crest  concrete  weirs  16  inches  wide  with  3  on  1  crest 
slopes,  with  a  design  capacity  of  65  c.  f.  s.,  at  a  2.25  foot 
head.  Recorders  for  each  watershed  are  mounted  in  shelter 
over  separate  SO'^^nch  stilling  wells.  Two — foot  overflow  be- 
low notch  of  weirs.  Flows  shown  were  0.11  c.  f.  s.  on  W-II 
(left)  and  0.58  c.  f.  s.  on  W-I  (right).  Due  to  differences 
in  exposure  (aspect)  W-II  was  only  25%  bare  of  snow  whereas 
W-I  was   75%  bare. 


B,  Ooubla  gaging  atation  en  3.S-acre  paatured  wataraheds  W-VI 

left  (no  flow)  and  W-VII  right  (flow  0.05  c.  f.  s.)  on  April 
1,  1942-  W-VI  was  50%  bare  of  snow  and  W-VII  was  80%  bare. 
Measuring  devices  are  H-3  flumes  made  of  galvanized  sheet 
metal  reinforced  with  angles.  They  each  have  a  rated  capacity 
of  30.7  c.  f.  s.  Each  shelter  contains  a  water-level  recorder 
mounted  over  a  9— inch  stilling  well  attached  to  the  aide  of 
the    f 1 ume . 


9 


NJ-30.41S  Plate  2 


A,  View  looking  downstream  toward  the  weir  and  gaging  station 
(W-II)  on  the  T.  Smith  farm  near  Freehold,  N.  J.  It  was  taken 
on  June  23,  1938,  just  after  the  peak  flow  of  54.6  cubic  feet 
per  second  or  1.56  inches  per  hour  from  34.2  acres.  This  runoff 
peak  ranked  second  in  the  6  years  of  records.  Debris  on  the 
staff  gage  opposite  the  instrument  shelter  is  a  rough  indica- 
tion of  the  maximum  flow  level   at  weir. 


NJ-30.416 
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B.  Picture  of  the  flow  from  below  the  control  weir  taken  a  few 
minutes  after  view  above.  Free  flow  conditions  exist  at  all 
discharges  due  to  a  drop  of  2  feet  from  the  weir  notch  to  the 
apron  floor  below.  Note  the  heavy  concentration  of  silt  in  the 
muddy  runoff  water.  This  resulted  from  the  off-contour  tillaae 
on   the  drainage  area  above. 


NJ-KS-6 


,   Typical  precipitation  measuring  station  R- 1  near  Freehold,   N.    J-  I* 
sists  of  a   standard  Weather  Bureau   rain  gage  on  left,    located   6  f'^™ 
the   recording  rain  gage,    all    inside  a    fence  enclosure.      In   the  background 
is   the  Surgent   (W-I)  weir   and    instrument   shelter  at    the    lower  end  of  the 
terrace-outlet  channel. 


NJ-ttS-33 


,   W-III    runoff  gaging  station  on  J.    Sherr.rd   farm  near   F"«hold,  J-,  on 

September  12.  1939-  Weir  crest  has  a  slope  of  2  hori.ontal  on  1  ^"'^ 
Face  gage  on  -eir  and  two  staff  gages  at  left  are  used  f^^^eck  water  level 
as  recorded  by  Frier  FW- 1  recorder  in  well.  Water  enters  the  36-4nch  "till- 
ing well  through  1-lnch  holes  in  intake  plank  10  feet  back  of  weir.  inis 
watershed  flows  continuously.  Base  flow  shown  is  0.003  c.  f-  s.  at  0.08 
foot  head,  or  0.0015  inch  of  runoff  daily.  Rainfall  Station  R-4  inback- 
g  r oun  d . 


Records 

Tabulation,  computation,  and  compilation  of  the  data  were  accomplished  by  following 
standard  procedures.  In  this  way  the  data  meet  certain  minimum  requirements  of  uni- 
formity and  can  be  compared  with  similar  data  from  other  regions  and  localities. 


RATES  OF  RUNOFF  FOR  THE  OESIQN  OF  CONSERVATION  STRUCTURES 


Criteria  for  Design 

In  designing  small  conservation  and  other  structures  it  should  be  recognized  that 
changes  m  land  use  are  apt  to  be  made  during  the  life  of  the  structure.  Cropping 
lay-outs  existing  at  the  time  a  structure  or  practice  is  being  planned  may  not  be  fol- 
lowed m  the  future.  Circumstances  may  require  a  farmer  to  change  his  farming  operations 
which  would  increase  the  proportion  of  land  in  cultivated  crops.  Meadows  or  pastures 
may  be  plowed  up  and  cropped.  Furthermore,  ownership  of  the  land  may  change  and  a  new 
type  of  farm  enterprise  be  placed  upon  the  land.  Due  to  these,  and  other  uncertainties 
it  is  necessary  to  assume  conditions  that  will  produce  the  higher  rates  of  runoff  where 
It  IS  reasonable  to  expect  such  changes  to  occur  during  the  economic  life  of  the  struc- 
ture. 

For  example,  in  laying  out  a  diversion  terrace  on  a  pasture  which  has  nlowable  land, 
It  IS  advisable  to  design  it  for  runoff  from  cultivated  land  rather  than  that  from  pas- 
ture On  the  other  hand,  if  the  pasture  is  steep,  rough,  rocky,  or  stumpy,  or  contains 
considerable  brush  or  trees,  or  is  poorly  drained,  and  for  these  reasons  not  likely  to  be 
plowed,  it  would  not  be  reasonable  to  design  the  capacity  of  the  diversion  channel  on  the 
basis  of  runoff  from  cultivated  land.  In  making  this  decision  the  designer  should  keep 
in  mind  that,  m  the  case  of  structures  on  small  drainage  areas,  small  differences  in  the 
structure"  ^  """^"^  ^"  practically  negligible  changes  in  cost  of  the 

The  results  of  the  analyses  of  the  experimental  data,  modified  by  considerations  of 
changing  land  use,  form  the  basis  for  the  graphs  and  tabulations  presented  in  this  report 
for  use  m  determining  capacities  of  spillways,  culverts,  diversion  channels  and  outlets, 
terrace-outlet  channels,  and  similar  structures  on  small  watersheds.  Values  for  drain- 
age areas  up  to  40  acres  are  presented  in  tables  4  to  8,  pages  14  to  17.     Rates  of  run- 

91      it'^t'u?*"  ^'^''^^  i"/^^  °f  '^"^^^^  2.  3.  4.  and  5.  pages  18 

Ifu^i  intended  for  use  with  the  smaller  structures,   the  planning  and 

lay-out  of  which  are  usually  entrusted  to  field  personnel  of  limited  qualifications  The 
curves  which  apply  to  the  larger  areas  involve  large  flows  and  should  be  used  by  engi- 
so  Je,i^.H^fW^tl"'  training  and  experience.     The  tables  and  graphs  have  been 

It  ftl  ^n  r  '^e  incorporated  in  handbooks  or  instructions  of  such  agencies 

r.l^u  ?  Conservation  Service,  Production  and  Marketing  Administration,  State  and  lo- 
cal highway  departments,  and  of  other  agencies  concerned  with  the  planning,  financing, 
and  construction  of  structures  and  conservation  practices  on  small  drainage  areas.  A 

fol^dTn  P?.  TT    f  "^*h°d°i°gy  followed  in  preparing  these  tables  and  graphs  will  be 
louna  in  fart  IT  of  this  report. 

Frequency  of  Recurrence  in  Years 

The  values  given  in  the  graphs  and  tabulations  are  those  that  may  be  expected  to  be 

le^^  th„n'4r"  "1  1°  ^""-""^  ^-^ii  structures  on  areas  of 

less  than  40  acres  need  not  be  designed  for  higher  values  or  recurrences.  Structures 
on  larger  areas  covered  by  the  curves  may,  under  certain  conditions  be  designed  to  carry 
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runoffs  which  can,  on  the  average,  be  expected  to  be  equaled  or  exceeded  once  in  25 
years.  When  this  is  desired,  the  coefficient  or  multiplier  given  in  the  body  of  the 
graph  should  be  applied  to  the  values  shown  by  the  curves. 

The  statement  that  a  value  has  a  10-year  frequency  of  recurrence  means  that  the 
value  will  be  equaled  or  exceeded  on  the  average  of  10  times  in  100  years.  It  does  not 
mean  that  it  will  be  exceeded  or  equaled  in  every  10-year  period  but  the  chances  are  that 
on  the  average  it  will  be  10  times  in  a  century.  A  2S-year  frequency  of  recurrence 
would  be  equaled  or  exceeded  4  times  in  100  years.  In  a  given  10-year  period  it  is 
possible  to  have  two  or  more  10-year  runoffs  and  even  a  25-year  flow.  It  is  also  pos- 
sible that  there  would  be  no  10-  or  2S-year  flows.  If  a  structure  overflows  or  exceeds 
its  capacity  once  or  twice,  it  does  not  necessarily  mean  that  it  is  under-designed;  it 
means  that  it  experienced  runoffs  of  a  higher  recurrence  value  than  that  for  which  it  was 
designed.  Such  events  must  be  expected  to  occur  occasionally.  However,  if  a  structure 
overtops  habitually,  it  may  be  under -de signed  for  the  conditions  under  which  it  operates. 
The  above  conceptions  should  be  kept  in  mind  in  evaluating  the  adequacy  of  structures  or 
practices . 

Limitations  in  Application  of  the  Data 

The  attention  of  prospective  users  of  these  data  is  called  particularly  to  the 
statements  in  the  tables  and  on  the  graphs  describing  the  conditions  to  which  the  values 
are  applicable.  The  use  of  these  values  in  cases  other  than  those  described  would  result 
in  either  too  frequent  failures  or  in  uneconomical  design  and  would  defeat  the  whole  pur- 
pose of  this  publicat ion . 

The  values  shown  in  the  graphs  and  tabulations  are  based  upon  soil  conditions  sum- 
marized in  tables  1  and  2,  pages  4  and  5,  and  shown  on  maps  in  figures  12,  14,  15,  16> 
pages  48  to  52,  and  figures  17,  19,  21,  and  22,  pages  55  to  60,  under  the  heading,  'De- 
tailed Descriptions  of  the  Experimental  Areas,'  Part  II  of  this  report.  These  soil 
conditions  fall  into  three  general  categories: 

(1)  Light-textured,  deep  (36  in.  or  more),  well-drained  soils. 

(2)  Light-  to  medium-textured,  moderately  deep  (20  to  36  in.),  imperfectly 
drained. 

(3)  Medium-textured,  shallow  (10  to  20  in.),  imperfectly  drained. 

The  permeability  factor  was  considered  in  setting  up  these  categories.  It  was  con- 
cluded that  permeability  as  the  term  would  be  understood  by  the  users  of  the  runoff  data 
is  amply  expressed  by  the  terms  used  in  describing  texture  and  drainage  conditions  (well- 
drained,  imperfectly  drained).  It  is  believed  that  the  descriptions  used  will  be  under- 
standable to  workers  if  they  remember  that  the  'textures'  indicated  apply  to  the  hydro- 
logic  behavior  of  the  whole  profile  (not  the  surface  soil  alone). 

Curves  and  design  tables  are  not  intended  to  apply  to  flat  or  swampy  lands  or  to 
drainage  areas  containing  appreciable  portions  of  such  lands.  They  c[o  apply  to  sloping 
land  in  the  Coastal  Plains  of  New  Jersey,  Delaware,  and  Maryland.  The  slopes  and  con- 
figurations of  the  experimental  areas  from  which  the  runoff  data  have  been  derived  are 
typical  of  the  sloping  lands  in  the  Coastal  Plains,  and  the  data  can  be  applied  directly 
to  them  when  the  soil  conditions  are  similar.  The  three  categories  mentioned  above  do 
not  represent  all  the  soil  conditions  that  are  encountered  in  the  area  of  recommended 
application  (see  map  on  cover),  and  application  of  the  results  to  other  conditions  should 
be  made  with  caution. 
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Table  7,  page  17,  was  prepared  for  use  in  the  design  of  single  vegetated  diversion 
terraces  with  a  grass  filter  strip  at  least  20  feet  wide  above  the  terrace  channel.  It 
should  only  be  applied  to  diversions  with  more  than  160  feet  of  terrace  per  acre  of 
drainage  area.  The  matter  of  concentration  of  water  above  the  proposed  terrace  channel 
should  also  be  studied.  If  there  are  no  serious  concentrations  of  water  along  the  site, 
the  rates  in  table  7  may  be  used.  If  well-defined  natural  waterways  concentrate  the  flow 
from  the  area  above  in  one  or  two  spots,  the  channel  storage  of  the  diversion  channel 
would  not  be  sufficiently  effective  in  reducing  the  peak  flow.  In  such  cases  values  given 
in  tables  4,  5,  or  8,  pages  14,  IS,  and  17,  should  be  used  depending  on  whether  the  land 
above  is  likely  to  be  cultivated  or  is  in  pasture  or  woods. 

For  woodlands,  in  the  absence  of  conclusive  proof,  the  effects  of  litter  and  canopy 
are  deemed  the  dominant  factors,  and  soil  condition,  a  lesser  factor.  Thus  the  woodland 
curves  in  figure  5,  page  21,  and  design  table  8,  page  17,  are  based  on  the  cover  and 
litter  rather  than  on  soil  conditions,  and  particular  care  should  be  devoted  to  evalu- 
ating the  character  of  the  woodland  in  applying  the  data,  see  plate  4,  page  22.  Curve 
'B'  in  figure  5  is  only  given  for  areas  up  to  40  acres  because  mature  stands  of  timber 
under  proper  woodland  management  seldom  are  found  on  areas  exceeding  40  acres 


TABLE  -Rates  of  runoff for  design  of  conservation  structures  on  cultivated  land 
and  on  land  likely  to  be  cultivated  In  tfie  Coastal  Plains  of  Heu  Jersey.  Delauare. 
and  Maryland. 

The  rates  shown  in  this  table  do  not  apply  to  CROPLAND  TERRACTIS  or  to 
DIVERSION  TERRACES.    See  tables  6  and  7. 


Drainage  , 
area 

Rate  of 

runoff 

Drai  nage 
area 

Rate  of 

runoff 

Case  "A"2 

Case 

IIQItS 

Case  "A"2 

Case  "B"3 

acres 

c .  /.  s- 

c.  f. 

acres 

c.  /.  s. 

C.    /.  S- 

2 

15 

19 

22 

77 

105 

3 

20 

25 

23 

80 

i08 

4 

24 

31 

24 

83 

1  1  1 

5 

28 

36 

25 

85 

1  14 

6 

32 

41 

26 

87 

1  18 

7 

36 

46 

27 

90 

121 

8 

39 

50 

28 

92 

124 

9 

42 

55 

29 

94 

1  27 

10 

45 

59 

30 

96 

130 

1  1 

48 

63 

31 

98 

133 

12 

51 

66 

32 

10  1 

135 

13 

54 

70 

33 

i03 

139 

14 

57 

74 

34 

105 

141 

15 

60 

78 

35 

107 

1  44 

16 

62 

8  1 

36 

109 

146 

17 

65 

85 

37 

1  1  1 

1  50 

18 

68 

88 

38 

1  13 

152 

19 

7  1 

92 

39 

1  15 

155 

20 

73 

95 

40 

1  17 

157 

21 

75 

102 

^Basedon  10-year  frequency  of  recurrence,   100  percent  row  crops,  off-contour. 

^CASE  'A'  applies  to  sloping  land  with  lii?ht-textured,  deep,  well-drained  soils  such  as 
Chillum,  Collington,  Freehold,  Sassafras,  and  Hyattsville  loams ;  Freehold,  Sassafras,  and 
Collington  sandy  loams;   and  similar  soils. 

^CASE  'B'  applies  to  sloping  land  with  medium- textured ,  imperfectly  drained  soils 
underlain  by  a  very  slowly  permeable  hardpan  at  a  depth  of  about  25  inches,  such  as 
Beltsville  silt  loam,   loam,   gravelly  silt  loam,   and  gravelly  loam;   and  similar  soils. 
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TABLE  s- --Rates  of  runoffs  for  design  of  conservation  structures  on  pastures  In  the 
Coastal  Plains  of  Hew  Jersey,  Delaware,  and  Maryland. 

The  rates  shown  in  this  table  should  be  used  only  for  rocky,  stumpy,  and 
other  pastures  which  are  not  likely  to  be  cultivated.     Use  table  4  for 
pasture^  likely  to  be  cultivated. 


Drai  nage 

Rate  of 

runoff 

Drai  nage 

Rate  of 

runo  f f 

area 

Case  "A"2 

Case 

II  g  IIS 

a  rea 

Case  "A"2 

Case  "B"9 

acres 

2 

c .  /.  s. 

7 

c.  / 

s. 

9 

acres 
22 

c.   f.  s. 

58 

c.  /.  s. 

48 

3 

9 

12 

23 

39 

50 

4 

1  2 

1  5 

24 

40 

52 

5 

1  4 

18 

25 

41 

55 

6 

1  5 

20 

26 

45 

55 

7 

1  7 

22 

27 

44 

57 

8 

19 

24 

28 

45 

58 

9 

20 

26 

29 

46 

59 

10 

22 

28 

30 

47 

6  1 

1  1 

25 

30 

31 

48 

62 

12 

25 

32 

52 

49 

63 

13 

26 

34 

35 

50 

64 

14 

28 

36 

54 

5  1 

66 

15 

29 

37 

55 

52 

67 

16 

30 

39 

56 

53 

68 

17 

32 

41 

57 

54 

69 

18 

33 

45 

58 

55 

7  1 

19 

34 

44 

59 

56 

72 

20 

35 

46 

40 

57 

73 

21 

37 

47 

^Based  on  10-year  frequency  of  recurrence,  on  oermanent  pastures  or  long  term  meadows. 

^CASE  'A'  applies  to  sloping  land  with  light -textured ,  deep,  well-drained  soils  such  as 
Chillum,  Collington,  Freehold,  Sassafras,  and  Hyattsville  loams ;  Freehold,  Sassafras,  and 
Collington  sandy  loams;  and  similar  soils. 

^CASE  'B*  applies  to  sloping  land  with  medium- textured ,  imperfectly  drained  soils 
underlain  by  a  very  slowly  permeable  hardoan  at  a  depth  of  about  ^5  inches,  such  as 
Beltsville  silt  loam,  loam,  gr^ivelly  silt  loam,  and  gravelly  loam;  and  similar  soils. 
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Table  6---Rates  of  runoffs  for  deslin  of  outlet  channels  from  terraced  fields  of  4 
to  40  acres  In  size  In  the  Coastal  Plains  of  Hew  Jersey,  Delauare,  and  Maryland. 


CAwSF  'A'  applies  to  light-textured,  deep,  well-drained  soils  such  as  Collington,  Free- 
hold, Sas<;afras,  and  Chillum  sandy  loams  and  loams;  and  similar  soils 


Dra i  nag e 

Ave  rag  e 

ength  of 

c  rop  1 

and  terraces  in 

feet 

a  rea 

400 

500 

600 

700 

800 

900 

1000 

1  100 

1200 

1300 

400 

1  snn 

1  U\J  U 

ac  re  s 

Runoff  in  cubic  feet  per  second^ 

4 

[0 

10 

9 

9 

9 

8 

8 

8 

8 

8 

7 

7 

7 

7 

7 

6 

1  5 

1  5 

1  4 

1  3 

13 

13 

12 

1  2 

1  2 

1  1 

1  1 

1  1 

1  I 

1  n 

g 

20 

1  9 

1  9 

18 

17 

17 

16 

16 

1  5 

15 

1  5 

1  4. 

1  4 

1  A. 

iO 

26 

24 

23 

22 

22 

21 

20 

20 

19 

19 

18 

18 

18 

17 

16 

12 

31 

29 

28 

27 

26 

25 

24 

24 

23 

23 

22 

22 

21 

20 

20 

14 

36 

34 

32 

31 

30 

29 

28 

28 

27 

26 

26 

25 

25 

24 

23 

16 

41 

39 

37 

36 

35 

34 

32 

32 

31 

30 

29 

29 

28 

27 

26 

1  a 

46' 

44 

42 

40 

39 

.  38 

37 

35 

35 

34 

33 

32 

32 

30 

29 

20 

51 

48 

46 

45 

43 

42 

41 

39 

38 

38 

37 

36 

55 

34 

33 

24. 

61 

58 

56 

54 

52 

50 

49 

47 

46 

45 

44 

43 

42 

41 

39 

28 

7  1 

68 

65 

63 

60 

59 

57 

55 

54 

53 

51 

50 

49 

47 

46 

32 

82 

77 

74 

72 

69 

67 

65 

63 

61 

60 

59 

58 

56 

54 

52 

36 

92 

87 

84 

80 

78 

75 

73 

7  1 

69 

68 

66 

65 

63 

61 

59 

40 

1  02 

97 

93 

89 

86 

84 

8  1 

79 

77 

75 

73 

72 

70 

68 

65 

CASE  '3'  aonlies  to  medium  to  light-textured,  moderately  deep,  imperfectly  drained  soils 
such  as  gravelly  loams,  sandy  loams,  fine  sandy  loams,  and  loams  of  the  Beltsville 
series;  and  similar  soils. 


Drai  nage 
a  rea 

Ave  rage 

ength  of 

cropland  terraces  in 

feet 

400 

500 

600 

700 

800 

900 

1000 

1 100 

1200 

1300 

1400 

1500 

1600 

1800 

2000 

acres 

Runoff  in  cubic  feet  per  second^ 

4 

1  2 

1  1 

1  1 

10 

10 

10 

9 

9 

9 

9 

8 

8 

8 

8 

7 

6 

18 

17 

16 

15 

15 

1  4 

14 

14 

13 

13 

13 

12 

12 

12 

1  1 

.8 

23 

22 

21 

21 

20 

19 

19 

18 

18 

17 

17 

16 

16 

16 

15 

10 

29 

28 

27 

26 

25 

24 

23 

23 

22 

22 

21 

21 

20 

19 

19 

12 

35 

33 

32 

31 

30 

29 

28 

27 

26 

26 

25 

25 

24 

23 

22 

14 

41 

39 

37 

36 

35 

34 

33 

32 

31 

30 

30 

29 

28 

27 

26 

16 

47 

44 

43 

4! 

40 

38 

37 

36 

35 

34 

34 

33 

32 

31 

30 

18 

53 

50 

48 

46 

45 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

20 

59 

56 

53 

51 

50 

48 

47 

45 

44 

43 

42 

41 

40 

39 

37 

24 

70 

67 

64 

62 

60 

58 

56 

54 

53 

52 

5! 

49 

4d 

47 

45 

28 

82 

78 

74 

72 

69 

67 

65 

63 

62 

60 

59 

58 

57 

54 

52 

32 

94 

89 

85 

82 

79 

77 

75 

72 

70 

69 

68 

66 

65 

62 

60 

36 

105 

100 

96 

92 

89 

86 

84 

82 

79 

77 

76 

74 

73 

70 

67 

40 

1  17 

1  1  1 

106 

103 

99 

96 

93 

9  1 

38 

86 

84 

82 

8  1 

78 

75 

leased  on  10-year  frequency  of  recurrence,   100  percent  row  crops,  contour-tilled. 

The  values  given  in  these  tables  apply  to  terraced  areas  with  a  vertical  spacing'^ equal 

Slope  of  land  fin  percent) 

to:  —  -+  2. 

3 

sin  feet. 
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TABLE  7. --Rates  of  runoffs  for  design  of  diversion  terraces  on  cultivated  land  In 
the  Coastal  Plains  of  Heu  Jersey,  Delauare,  and  Maryland. 

Values  in  this  table  apply  to  standard  DIVERSION  TERRACES  protected  by  a  gra«!s  strip,  and 
having  more  than  160  feet  of  terrace  per  acre  of  drainage  area,  and  WITHOUT  DEFINITE 
NATURAL  WATERWAYS.     For  areas  WITH  ffELL-DFFINED  WATERWAYS  use  tables  4,  5.  or  8. 


Drai  nage 
area 

Rate  of  runoff 

Case  "A"2 

Case  "B"3 

acres 

c.  /.  s. 

c.  /.  s. 

2 

6 

8 

3 

8 

t  1 

4 

10 

13 

5 

1  2 

1.5 

6 

13 

17 

7 

15 

19 

8 

16 

20 

Dra  i  nage 
a  rea 

Rate  of 

runo  f f 

Case  "A"' 

Case 

ngua 

ac  re  s 

c.  f.  s. 

c.  f. 

S  . 

9 

18 

23 

10 

19 

25 

1  1 

20 

27 

1  2 

22 

28 

1  3 

23 

30 

14 

24 

31 

15 

25 

33 

^Based  on  10-year  frequency  of  recurrence,  100  percent  row  crops,  contour-tilled. 

^CASE  'A'  applies  to  sloping  land  with  light -textured ,  deep,  well-drained  soils  such 
as  Collington,  Freehold,  and  Sassafras  sandy  loams;  Collington,  Freehold,  Sassafras, 
Hyattsville,  and  Chillum  loams :  and  similar  soils. 

^CASE  'B*  applies  to  sloping  land  with  medium- textured ,  imoerfectly  drained  soils, 
underlain  by  a  very  slowly  pern.eable  hardpan  at  a  depth  of  about  25  inches,  such  as  Belts- 
ville  gravelly  loam,  gravelly  silt  loam,  silt  loam,  and  loam;  and  similar  soils. 


TABLE  8' --Rates  of  runoffs  for  design  of  conservation  structures  on  woodland  In  the 
Coastal  Plains  of  Hew  Jersey,  Delauare,  and  Maryland. 


Drat  nage 
area 

Rate  of  runoff  ' 

Case  "A"2 

Case  "B"S 

ac  res 

c.   /.  s. 

c.  f.  s. 

2 

2 

1 

4 

3 

1 

6 

3 

2 

8 

4 

2 

10 

5 

2 

12 

6 

3 

14 

6 

3 

16 

7 

3 

Drai  nage 

Rate  of 

runoff 

a  rea 

Case  "A"2 

Case 

ngiiS 

acres 

c.   /.  s. 

c.  f. 

S. 

18 

8 

4 

20 

8 

4 

22 

9 

4 

24 

10 

4 

28 

1  1 

5 

32 

12 

5 

36 

13 

6 

40 

1 

6 

^Qased  on  10-year  frequency  of  recurrence. 

*CASE  'A'  applies  to  sloping,  ungrazed,  cut-over,  deciduous  woodland  with  a  poor  canopy 
and  uneven  litter  with  bare  spots  characteristic  of  such  woodland.     (Pi.  4,   A,  p.  22.) 

^CASE  'B'  applies  to  sloping ,  ungrazed,  undisturbed,  deciduous  woodland  with  a  good 
canopy  and  a  good  uniform  litter.     (See  pi.  4,  B. ) 
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FIGURE  2.-RATES  OF  RUNOFF  FOR  DESIGN  OF  CONSERVATION  STRUCTURES  ON  SLOPING 
LAND  WITH  LIGHT-TEXTURED,  DEEP,  WELL-DRAINED  SOILS  IN  THE  COASTAL  PLAINS 
OF  NEW  JERSEY,  DELAWARE,  AND  MARYLAND. 
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A,  Ungrared,  cut-over,  largely  deciduous  woodland  with  a  thin  and 
variable  canopy,  uneven  ground  litter  with  frequent  bare  areas 
and  an  actual  history  of  ground  fires  (W-VIII  College  Park, 
Md  .  ,    2  .  43  acres  ). 


B,  Ungrared,  unburned,  undisturbed,  largely  deciduous 
with  a  high  uniform  canopy  and  an  excellent  litter  on 
est    floor    (W-IX  College  Park,    Md . ,    12.05  acres). 
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PART  II 


METHOOS  USED  TO  DETERMINE  DESIGN  VALUES  OF  RUNOFF  RATES 


Records  of  runoff  from  small  agricultural  watersheds  for  oeriods  of  5  or  6  vears  are 
far  from  sufficient  for  an  adequate  analysis.  However,  since  there  is  no  prospect  of 
adding  to  the  length  of  the  runoff  records  from  the  Freehold,  N.  T- .  watersheds  (dis- 
continued Oct.  1943)  and  further,  since  there  exists  an  urgent  need  for  even  provisional 
information  on  runoff  rates  for  the  rapidly  expanding  soil  conservation  districts'  pro- 
gram, as  well  as  for  the  activities  of  the  other  agencies,  it  has  been  deemed  advisable 
to  study  the  records  now  available  and  extract  therefrom  as  many  usable  results  as  the 
limited  data  will  allow. 

To  accomplish  the  above  objective,  it  was  not  always  possible  to  secure  adequate 
proofs  for  the  indicated  results.  Some  of  the  conclusions  that  were  reached  and  the  de- 
rived curves  and  values  obtained  may  not  be  as  well  supported  as  they  could  have  been  if 
lonfjer  records  were  available  and  more  ideal  size  and  other  watershed  characteristics  had 
existed  on  the  experimental  areas.  These  limitations  must  be  keot  in  mind  in  considering 
the  following  discussions  and  results. 

Comparison  of  Rainfall  Intensities 

Estimates  of  future  hydrologic  events  can  best  be  made  by  assuming  that  what  has 
happened  in  the  past  is  representative  of  what  is  likely  to  occur  in  the  future.  The 
value  of  the  estimate  depends  on  the  length  of  the  past  record.  When  long  runoff  records 
are  non-existent,  it  is  necessary  to  check  the  available  short  record  in  all  possible 
ways  to  ascertain  whether  it  constitutes  a  fair  sample  of  longer  records.  It  is  not  al- 
ways possible  to  test  it  with  respect  to  many  of  the  watershed  factors.  However,  the 
rainfall  intensities  recorded  during  the  period  of  investigation  can  be  compared  with 
the  longer  records  which  are  available  for  College  Park,  Md.,  and  Freehold,  N.  T.s  Rain- 
fall depths  in  inches  were  interpolated  between  the  lines  of  equal  precipitation  (iso- 
hyetals)  on  the  Yarnell  frequency-intensity  maps  for  the  College  Park  and  Freehold  lo- 
cations. For  short  durations,  these  values  are  somewhat  lower  than  the  actual  depths, 
because  they  were  determined  from  the  Weather  Bureau  tabulations  based  on  uniform  S- 
minute  intervals.  To  make  them  comparable  with  the  records  tabulated  from  weighing  type 
rain  gages  used  in  our  investigations,  where  the  actual  changes  or  'breaks'  in  the  rain 
graph  are  taken,  the  Yarnell  depths  were  increased  by  10.  7,  and  S  percent  for  10-,  30-, 
and  60-minute  durations,  respectivelv.  These  modified  depths  were  then  converted  to 
intensities  in  inches  per  hour. 

Table  9. --Comparison  of  10-  and  25-year  values  of  rainfall .Intensities  in  inches 
per  hour  derived  from  Freehold,  Y.  J.,  and  College  Park,  Hd.,  records  with 
modified  Yarnell  values. 


FREEHOLD,   N.  J. 


Du  rat  i  on 
mi  nu tes 

Mod  i  f i  ed  \c 

irnell    (Misc.   Pub. No. 204) 

R-l,   on  Surgent  (W-l)  N .  J  .(  1938-43 ) 

10-year 

25- .year 

Ratio  10/25 

10-year 

25  year 

Ratio  10/25 

10 
30 

60 

6.27 
3.75 
2.  25 

7.15 
4.  47 

2.84 

1.14 
1.  19 
1.26 

6.  20 
3.  25 

2.03 

6.75 
3.65 
2.  35 

1  .09 
1.  12 
1  .  16 

COLLEGE  PARK, 

MD. 

10 
30 
60 

Modified  Ya 

rnell    (Misc.    Pub. No. 204) 

R-l,   on  W-l   and  W- 1 1 ,  Md.  (1939-45) 

6.  33 
3.72 
2.  36 

7.21 
4.  37 
2.84 

1.  L4 
1  .  17 
1.20 

6.60 
3.50 
1.65 

7.25 
4.  10 
1.80 

1.  10 
1 .  17 
1.09 

sSee  footnote  5,  p.  1. 
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From  the  table  on  the  oreceding  page,  it  appears  that  the  rainfall  intensities  ex- 
perienced in  the  6-year  periods  at  Freehold  and  College  Park  were  slightly  below  Yarnell's 
modified  values  for  10-minute  durations  at  Freehold  and  slightly  above  for  College  Park. 
The  30-minute  durations  were  somewhat  below  Yarnell's  at.both  locations.  The  60-minute 
rates  for  10  and  25  years  fall  considerably  below  Yarnell's  expectancies,  particularly  at 
College  Park.  However,  since  the  periods  of  rise  of  the  hydrographs  for  the  most  signif- 
icant storms  on  all  the  watersheds  are  all  less  than  30  minutes,  in  fact  average  closer 
to  10  than  30  minutes,  it  has  been  assumed  that  the  10-minute  durations  are  best  for 
judging  the  periods  of  record.  It  therefore  appears  that  insofar  as  intensities  of  rain- 
fall are  concerned,  the  peak  rates  of  runoff  recorded  at  both  locations  can  be  considered 
a  fair  sample  of  longer  periods. 

Jt  should  be  noted  further  that  the  rainfall  rates  for  the  10-  and  30-minute  dura- 
tions judged  either  from  Yarnell's  values  or  the  actual  rates  are  quite  similar  for  the 
two  locations.  This  means  that  rainfall  rates  to  be  expected  at  Freehold  are  not  signif- 
icantly different  from  those  to  be  anticipated  at  College  Park.  Within  the  Coastal  Plains 
area,  therefore,  similar  rainfall  rates  occur  and  it  is  reasonable  toassumethat  similar 
rates  of  runoff  will  occur.  It  is  unnecessary  to  apply  a  rainfall-rate  factor  to  any 
portion  of  the  area,  and  the  estimated  runoff  rates  derived  for  either  the  Freehold 
or  College  Park  areas  are  interchangeable  without  modification,  as  far  as  climatological 
factors  are  concerned. 

Peak  Rate  vs  Drainage  Area  Relationships 

The  determination  of  the  design  rates  of  runoff  already  presented,  as  well  as  the 
study  of  the  effects  of  various  factors  on  runoff  rates  discussed  later,  involves  the 
relationship  between  the  peak  rates  of  runoff  and  the  size  or  area  of  the  watershed.  The 
relationship  could  probably  be  best  studied  by  the  analysis  of  long  time  records  from 
drainage  areas  of  various  sizes,  but  with  similar  shapes,  soils,  and  cultural  practices. 
Such  records  are  not  available  for  the  Coastal  Plains  area.  However,  it  was  felt  that  an 
indication  of  this  relationship  could  be  gained  from  a  study  of  the  concurrent  peaks  on 
some  of  the  College  Park  and  Freehold  watersheds. 

The  two  pairs  of  watersheds  at  College  Park  were  therefore  selected  for  study  dur- 
ing the  periods  when  they  were  in  common  pasture.  Combinations  were  made  of  concurrent 
individual  runoffs  from  two  adjacent  pastures  to  get  the  maximum  runoff  peak  from  the 
simultaneous  flows  of  the  two.  These  combined  peaks  then  were  compared  with  the  peaks  of 
one  of  the  areas  by  plotting  on  semi-log  paper  against  the  corresponding  drainage  areas 
and  drawing  straight  lines  through  the  points.  Generally  the  maximum  storms  were  taken, 
if  investigation  showed  that  conditions  were  comparable  on  the  two  areas  at  that  time. 
Area-factor  curves  derived  for  the  7.05-  and  3.53-acre  areas  (W-VI  +  W-VII  to  W-VI)  and 
the  13.67-  and  8.01-acre  areas  (W-III  +  W-IV  to  W-IV)  checked  closely,  thus  giving  an 
area- factor  curve  for  a  range  of  about  2  to  50  acres.  For  areas  above  this  range,  Smith 
(32.9  acres)  and  Ward  (102.7  acres)  watersheds  at  Freehold  were  selected  as  being  most 
similar  in  soils,  shaoe,  and  cover  conditions.  Each  area  had  about  75  percent  row  crops 
off-contour,  and  the  rest  was  mixed  cover.  The  watersheds  are  located  2.5  miles  apart, 
so  a  careful  study  was  made  of  concurrent  conditions  on  the  watersheds  and  of  the  simi- 
larity of  the  intensity  and  amounts  of  rainfall.  A  number  of  significant  runoff  rates 
were  plotted  on  semi-log  paper  and  the  pair  of  points  selected  that  gave  the  most  reason- 
able area-factor  curve.  This  curve  was  superimposed  on  that  already  tentatively  de- 
rived from  the  College  Park  areas.  These  two  curves  agreed  closely  for  areas  up  to  30 
acres,  but  for  areas  greater  than  30  acres  the  College  Park  curve  gave  lower  size  fac- 
tors than  the  Freehold  curve.  A  composite  curve  was  then  constructed,  based  largely  on 
College  Park  factors  up  to  30  acres  and  on  the  Freehold  values  up  to  200  acres.  Through 
a  study  of  rates  of  runoff  recorded  by  the  United  States  Geological  Survey  on  Tuly  2  to 
4,  1942,  on  five  drainage  areas  lying  within  the  Coastal  Plains,  the  composite  curve  was 
extended  to  1,000  acres.  These  USGS  drainage  basins  were  large,  ranging  from  45  to  71 
square  miles  in  area. 
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With  a  peak  rate-drainage  area  relationshio  thus  established,  the  next  operation  was 
to  determine  for  the  several  experimental  watersheds  and  the  conditions  represented  by 
them  the  limits  of  peak  rates  of  runoff  for  various  frequencies  of  recurrence.  These 
rates  of  runoff,  together  with  the  rate-area  relationship  form  the  basis  for  the  pre- 
ceding tables  4  to  8,  inclusive,  pages  14  to  17,  and  figures  2,  3,  4,  and  5,  pages  18  to 
21. 

Frequency  of  Recurrence  of  Runoff  Peaks 

Many  attempts  have  been  made  to  evaluate  the  frequency  of  recurrence  of  rainfall 
intensities  and  multiply  these  rates  by  an  overall  coefficient  representing  all  other 
watershed  factors  to  arrive  at  runoff  rates  of  a  specified  frequency  for  given  cases. 
Such  procedures  have  been  reasonably  successful  in  storm  sewer  and  similar  designs,  when 
applied  to  highly  developed  urban  areas,  which  drain  largely  impervious  roofs,  pavements, 
walks,  driveways,  etc.,  with  a  minimum  of  grassed  or  landscaped  area.  When  the  propor- 
tion of  more  pervious  or  variable  conditions  increases,  however,  the  limitation  of  the 
method  is  soon  reached.  Intensities  and  amounts  of  rainfall  are  only  two  of  the  many 
factors  that  affect  the  magnitude  and  frequency  of  runoff  peaks.  Among  these  other 
factors  are:  The  available  moisture-holding  capacity  of  the  soil  profiles;  permeability 
of  the  whole  profile  or  rate  of  water  movement  through  the  soil  column;  surface  infil- 
tration opportunities  of  the  soil  surface  and  its  vegetal  cover,  if  any;  texture,  struc- 
ture, depth,  and  tilth  of  the  soil;  configuration,  shape,  and  degree  of  dissection 
(drainage  density)  of  the  contributing  area;  grades,  sfiape,  friction  factors,  and  other 
hydraulic  characteristics  of  the  channels  and  watercourses;  height  and  density  of  vegetal 
cover;  direction  and  manner  of  tillage;  sequence  of  or  location  of  various  crops  on  the 
area  from  year  to  year;  size  and  velocity  of  raindrops;  inclination  and  direction  of 
rainfall;  turbulence  of  surface  winds;  temperatyre  of  soil  and  air  particularly  as  re- 
flected in  frost,  sleet,  and  snow  conditions;  and  exposure  (aspect)  of  the  area.  The 
length  of  the  above  list  of  other  factors  affecting  surface  runoff  makes  it  evident  that 
the  frequency  of  recurrence  of  runoff  peaks  cannot  be  determined  by  the  simple  applica- 
tion of  a  factor  to  rainfall  rates. 

The  many  factors  mentioned  in  the  foregoing  paragraph  and  described  in  a  previously 
published  paper^  indicate  that  the  smaller  peaks  on  a  given  area  are  the  result  of  combi- 
nations of  factors  that  occur  rather  frequently  on  the  area.  The  larger  runoff  peaks  are 
produced  by  rarer  composites  of  conditions  that  happen  much  less  frequently.  It  is  be- 
lieved far  more  expedient  and  logical  to  work  directly  with  runoff  records  in  estimating 
frequency  of  recurrence  of  runoff  rates  than  in  the  indirect  method  of  rainfall  inten- 
sities . 

For  the  determination  of  frequency  of  recurrence  of  peak  rates  of  runoff  for  various 
land-use  practices,  as  well  as  maximum  rainfall  intensities  for  a  given  time  interval, 
the  duration-curve  method  was  used.^°  The  method  of  maximum  annual  runoff  peaks  (one 
value  per  year  of  record)  was  considered  to  be  too  small  and  too  uncertain  a  sample 
(3  to  6  values)  of  the  short  term  data  to  give  satisfactory  frequencies.  In  some  cases, 
the  method  produced  fairly  good  results  if  the  few  values  in  the  sample  happened  to  be 
well  distributed  in  magnitude.  In  the  duration-curve  procedure,  ail  runoff  peaks  in  a 
particular  record  above  a  selected  minimum  value  were  taken.  This  minimum  value  was  set 
low  enough  to  provide  30  to  SO  peaks  for  analysis.     These  were  arranged  in  order  of 


BHOBBS,   H.   W.      RUNOFF  BEHAVIOR  OF  SMALL   AGRICULTURAL  VATBRSHSDS  UN0B8   VARIOUS  LAND  USB 

PRACTICBS.    Amer.  Geophy.  Union.  Trans.  27:    pp.  69-80,  889-894,  illus.  1946- 

^°Hazbn,  Allen,  flood  flows:  a  study  of  frxqubncibs  and  maonitudbs.  pp.  106-112,  John 
Wiley  and  Sons,  New  York.  1930. 
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magnitude  and  the  average  number  of  times  oer  annum  that  peaks  above  a  certain  limit 
occurred  were  computed  using  the  following  formulas: 


2m  -  1 

P  -    (1) 


m 

P  =—  (2) 

n 


Tn  which 

P  =  the  plotting  position  in  terms  of  the  number  of  times  per  annum, 

m  =  the  order  number  of  terms  after  they  were  arranged  tn  descending  magnitude,  and 

n  —  the  number  of  years  of  record. 


The  data  were  plotted  on  Hazen's  modified  (expanded log-probability  paper  and  on  log- 
log  paper  and  smooth  curves  drawn  in  graphically  through  or  among  the  points,  as  illus- 
trated in  figure  6,  page  27.  The  peak  that  would  occur  on  the  average  of  once  per  year 
was  considered  to  have  a  1-year  frequency  of  recurrence  and  the  0.1  peak  a  10-year  fre- 
quency. In  other  words,  the  reciprocal  of  the  plotting  positions  gave  the  recurrence 
interval  in  years,  so  that  for  a  6-year  record  the  frequency  of  recurrence  of  the  highest 
value    (m  =  1)  was  12  years  for  equation  (1)  and  6  years  for  equation  (2). 

The  longest  records  available  were  used  to  estimate  peak  rates  of  runoff  for  fre- 
quencies of  recurrence  of  10  and  25  years.  The  curves  drawn  through  the  m/n  plottings 
generally  gave  the  higher  values,  and  these  were  used  in  the  preparation  of  the  tables 
and  graphs. 

Relationships  were  determined  for  pairs  of  nearby  or  adjacent  areas  by  log-log  or 
linear  plotting  of  concurrent  peak  runoff  rates  when  rainfall,  soil  moisture,  and  most 
Other  conditions  were  similar,  but  one  factor  was  different,  such  as,  soil  condition  or 
tillage  direction,  etc.  If  the  areas  were  of  different  size,  the  rates  of  one  were  ad- 
justed to  the  other  by  applying  appropriate  area  factors  before  plotting.  Lines  or 
curves  were  fitted  to  the  most  significant  of  the  array  of  points  and  ratios  of  the  peaks 
determined.  These  ratios  were  theti  used  to  modify  the  10-year  rates  of  runoff  derived 
for  the  check  areas  (that  is,  those  with  the  longest  records)  to  get  10-year  rates  for 
the  conditions  in  which  the  record  was  too  short  for  the  direct  determination  of  frequency 
of  recurrence.  In  some  cases  diagrams  similar  to  the  lower  graph  in  figure  11,  page  44, 
were  also  prepared  and  utilized  for  determining  peak  ratios. 

Using  the  10-year  rates  of  runoff  for  given  areas  and  conditions  derived  by  the  pro- 
cedures just  discussed,  and  the  area  factors  from  the  composite  peak  rate-drainage  area 
relationship  curve,  the  10-year  design  rates  were  extended  in  both  directions  and  the 
curves  shown  in  figures  2  to  5,  inclusive,  pages  18  to  21,  were  obtained  for  areas  of 
from  2  to  200  or  1,000  acres.  From  a  study  of  the  relationships  of  10-year  rates 
to  2S-year  rates,  it  was  found  that  if  the  10-year  values  were  multiplied  by  1.25.  safe 
2S-year  values  can  be  obtained.  A  similar  procedure  was  used  in  determining  the  esti- 
mated 10-year  rates  of  runoff  shown  in  figures  7  to  9,  pages  29  to  31,  for  2  to  20  acres 
(except  for  diversion  terraces  only  to  15  acres). 


iiSee  footnotes  9  and  10,  p.  25. 
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Use  of  Figures  7  to  10  as  Basis  for  Design  Tables 

It  is  not  intenderl  that  the  curves  of  estimated  rates  of  runoff  shown  in  figures 
7  to  10,  pages  29  to  32,  be  used  in  the  field  in  selectins:  design  values.  Tables  4  to 
8<  paees  14  to  17,  derived  from  these  curves,  serve  that  purpose.  The  derivation  of  the 
curves  shown  in  figure  10,  as  well  as  the  use  made  of  these  curves  and  some  of  those  in 
figures  7,  8,  and  p  in  arriving  at  the  design  values  'given  in  tables  6  and  7,  are  dis- 
cussed in  the  following  paragraphs. 

Figure  10  shows  lO-year  rates  of  runoff  in  cubic  feet  per  second  per  acre  for 
standard  cropland  terraces  for  average  lengths  of  all  the  terraces  in  the  system  of  from 
400  to  2,000  feet.  It  should  be  remembered  that  runoff  from  individual  terraces  was  not 
measured  on  the  Surgent  W-I  watershed  at  Freehold,  but  only  the  total  flow  from  the  nine 
terraces  in  the  system.  There  were,  however,  values  available  for  standard  terraces  of 
varying  lengths  derived  from  records  of  runoff  from  individual  terraces  at  the  Blacklands 
Experiment  Station  at  Temple,  Tex.^^  Since  the  vertical  spacing  and  channel  grades  for 
these  terraces  are  quite  similar  to  those  on  the  Surgent  farm  at  Freehold,  the  hydraulic 
characteristics  of  the  terrace  systems  are  comparable  and  should  produce  comparable 
runoffs.  Ten-year  rates  of  runoff  in  cubic  feet  per  second  per  acre  for  single  terraces 
of  varying  lengths  of  800  to  2,000  feet  were  taken  from  the  Blacklands  report  and  plotted 
on  semi-log  paper  (terrace  length  on  log  scale  and  rate  on  linear  scale).  From  this, 
factors  for  various  terrace  lengths  were  derived  and  applied  to  the  Freehold  rate  corre- 
sponding to  a  length  of  600  feet.  Curve  'A',  figure  10,  resulted  and  served  as  the  basis 
for  Case  'A'  in  table  6  expressed  in  cubic  feet  per  second  for  various  areas  in  acres 
(for  light-textured,  deep,  well-drained  soils).  For  curve  'B',  the  College  Park  W-III 
(deep,  well-drained  pasture)  to  W-VT  (moderately  deep,  well  to  imperfectly  drained  pas- 
ture) relation  for  soil  conditions  during  a  concurrent  period  was  applied  to  the  Free- 
hold curve  'A'  data  to  get  10-year  rates  for  medium-  to  light-textured,  moderately  deep, 
imperfectly  drained  soils.  Thus  curve  "B*  of  figure  10  (Case  'B'  of  table  6)  is  the  best 
information  now  available  and  will  have  to  serve  for  terrace-outlet  design  for  this  soil 
condition  until  such  time  as  a  research  study  on  cropland  terraces  located  on  imper- 
fectly drained  soils  is  undertaken. 

The  curve  values  for  diversion  terraces  in  figures  7  and  9  were  increased  25  to  30 
percent  in  order  to  arrive  at  values  for  table  7 .  This  was  to  allow  for  larger  per- 
centages of  cultivated  land  or  slightly  more  small  concentrations  of  water  above  the 
channel  than  existed  on  the  experimental  areas  W-V  and  W-X.  Drainage  areas  above  IS 
acres  were  not  shown  because  this  is  beyond  the  upper  limit  of  what  one  diversion  should 
be  expected  to  carry.  If  the  drainage  area  is  larger  than  15  acres,  more  than  one  di- 
version should  be  used. 

Curves  for  pasture  furrows  on  light-  to  medium-textured,  moderately  deep  to  shallow, 
imperfectly  drained  soils  were  not  shown  separately  on  figures  8  and  9-  Experimental 
results  derived  directly  or  indirectly  indicated  about  a  40  percent  reduction  in  peak 
rates  below  the  curves  for  common  pasture  treatment.  (See  fig-  11  and  discussion  of 
contour  furrows  vs  common  pasture,  p.  43)  Allowing  for  deterioration  in  the  furrows  and 
possibly  less  careful  construction,  it  was  felt  that  a  30  percent  reduction  would  be 
safer,  and  these  values  coincided  with  the  diversion- terrace  curves  'D'  in  figures  8  and 
9.  Footnotes  on  the  charts  call  attention  to  the  fact  that  they  also  apply  to  furrows 
in  pastures.     No  data  could  be  derived  for  pasture  furrows  on  well-drained  soils. 


12HARR0LD,  L.  L.  ,  Krimqold,  D.  B.  ,  and  Wkstby.  L.  A.  preliminary  report  on  watershed 
STUDIES  NEAR  WACO  AND  GARLAND,  TEXAS.  U-  S-  Soil  Conscrv.  Serv.  Tech.  Pub.  53,  22  pp. 
illus.     1944.     [processed.     See  10-year  curve  on  lower  graph,   fig.  3,  p.   7 J 
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THE  CURVES  SHOWN  ON  THIS  SHEET  APPLY  TO 
SLOPING  LAND  WITH  LIGHT -TEXTURED,  DEEP. 
WELL-DRAINED  SOILS  SUCH  AS  CHILLUM.  COLL- 
INGTON,  FREEHOLD,  SASSAFRAS  AND  HYATTS- 
VILLE  LOAMS;  FREEHOLD,  SASSAFRAS  AND  COLL- 
INGTON  SANDY  LOAMS,  AND  SIMILAR  SOILS. 
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CURVE  "G"  APPLIES  TO  STANDARD  - 
DIVERSION   TERRACES  WITH  A 
RATIO  OF  NOT  LESS   THAN  160 
FEET  OF    TERRACE    PER  ACRE 
OF  DRAINAGE  AREA  AND  PRO- 
TECTED BY  A  GRASS  STRIP. 
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DRAINAGE  AREA  (ACRES) 

FIGURE  7.- ESTIMATED   10-YEAR   RATES    OF  RUNOFF  FOR   SLOPING  LAND  WITH  LIGHT - 
TEXTURED.  DEEP,  WELL-DRAINED  SOILS  IN  THE  COASTAL  PLAINS  OF  NEW 
JERSEY.  DELAWARE  AND  MARYLAND. 
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FIGURE  SrESTIMATED  10-YEAR  RATES  OF  RUNOFF  FOR  SLOPING  LAND  WITH  MEDIUM 
TO  LIGHT-TEXTURED.  MODERATELY  DEEP,  IMPERFECTLY  DRAINED  SOILS  IN  THE 
COASTAL  PLAINS   OF  NEW  JERSEY,  DELAWARE     AND  MARYLAND. 
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FIGURE  9^EST1MATED   10  YEAR  RATES  OF  RUNOFF  FOR   SLOPING  LAND  WITH  MEDIUM- 
TEXTURED ,  SHALLOW,  IMPERFECTLY-DRAINED  SOILS  IN  THE  COASTAL 
PLAINS  OF  NEW  JERSEY,  DELAWARE  AND  MARYLAND. 
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Discussion  of  Results 

The  10-year  curves  shown  in  figures  2  to  5  and  7  to  10  are  based  upon  very  short 
periods  of  runoff  records  (6  yrs.  or  less).  The  relative  positions  of  the  various  curves 
represent  the  best  values  that  can  be  derived  from  the  records  at  this  time.  Some  of  the 
studies  have  been  discontinued  (Freehold)  and  for  this  reason  the  'A'  curves  in  figures 
2,  3,  4,  8,  and  9,  and  the  'H'  curve  in  figure  7  for  mixed  cover,  50  to  75  percent  row 
crops  off -contour,  cannot  be  imoroved  by  having  longer  records  become  available  in  the 
future.  The  continuance  of  the  College  Park  studies  will  assure  some  longer  and  conse- 
quently more  useful  records  for  improving  the  reliability  of  some  of  the  curves.  Another 
3  years  of  record  on  W-I  will  give  data  on  up  and  down  tillage  with  30  percent  row  crops 
on  imperfectly  drained  soils,  while  W-II  will  furnish  a  better  curve  for  strip  cropping  on 
well-drained  soils  ('E'  curve  in  fig.  7)  at  the  end  of  the  same  period.  The  pasture, 
woodland,  and  diversion-terrace  curves  can  be  based  on  longer  periods  of  record.  The 
positions  of  some  of  the  curves  will  probably  be  changed  somewhat  with  additional  years 
of  record. 

The  ranges  in  area  shown  by  the  curves  are  believed  to  cover  ordinary  requirements 
for  the  Coastal  Plains  area.  Terraced  areas  exceeding  40  acres  would  seldom  be  en- 
couritered  that  would  drain  into  one  terrace  outlet.  Single  diversion  terraces  normally 
would  not  have  drainage  areas  exceeding  15  acres.  Pastures  draining  into  one  drainage- 
way  would  not  be  likely  to  exceed  200  acres;  for  above  this  limit  mixed  cover  conditions 
would  prevail.  Undisturbed  or  well-managed  woodland  would  not  exceed  40  acres  on  one 
drainage  area.  Cut -over  woodland  and  mixed  cover  conditions  would  predominate  on  areas 
from  200  to  1,000  acres. 

The  curves  as  presented  herein  are  considered  to  be  indicative  of  the  effect  of 
land  use  and  soil  conditions  on  runoff  rates.  They  are  believed  to  have  an  academic  or 
teaching  value  to  non-technical  workers  or  students  who  wish  to  gain  better  concepts  of 
soil  and  water  conservation  and  use. 

The  engineer  or  technician  concerned  with  the  planning  of  structures  or  practices 
on  larger  drainage  areas  will  find  figures  7  to  10  useful  in  studying  the  over-all  effects 
of  changed  land  use  on  such  areas.  They  should  be  a  material  aid  in  interpolating  between 
curves  'A'  and  'B'  in  figures  2  to  4,  pages  18  to  20,  (for  mixed  cover  and  pastures)  by 
evaluating  the  existing  or  planned  types  of  land  use  in  terms  of  the  soil  conditions  that 
apply  in  a  given  case. 

FACTORS  AFFECTING  THE  MAGNITUDE  OF  RUNOFF  PEAKS 


Examination  of  the  records  showed  that  peak  rates  of  runoff  varied  considerably  from 
area  to  area  even  when  the  rainfall^ intens it ies  and  amounts  were  quite  similar.  The 
maximum  rainfall  intensities  did  not  necessarily  produce  the  maximum  runoff  on  a  given 
watershed.  Analyses  of  some  of  the  differences  showed  them  to  be  due  to  many  factors 
of  which  rainfall  intensity  was  only  one.  A  comparison  of  the  peak  rates  of  runoff  from 
some  of  the  experimental  areas  and  analyses  of  the  differences  in  these  rates  are  in- 
cluded in  the  following  portion  of  this  report. 

Surgent,  W-I 

Rainfall  Intenaitiea  and  Soil  Moiature 

In  the  6  years  of  record  on  the  Surgent  terraced  watershed  (figs.  12  and  13,  pp. 
48  and  49.  and  pi.  5),  the  10  highest  peak  rates  of  runoff  were  arranged  in  descending 
order  of  magnitude  (rank.)  and  compared  with  the  corresponding  maximum  rainfall  intensities 
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for  Hnrations  of  10,   30,   and  60  minutes.     The  comparisons  are  shown  below: 


Table  lo. --Peak  rates  of  runoff  for  the  Surgent  (ihl)  terraced  watershed 
(Freehold,  H.  J.J  and  correspondlni  maximum  rates  of  rainfall. 


Date  of  sto  rm 

Peak  rate 
runo  f f 

of  ^ 

Maximum   rainfall  rates 

fo  r  du  rat  ions  of 

10  mi  nutes 

30  minutes 

60  mi  nutes 

1 nches/ h  r 

Rank 

1  n/h  r. 

Rank 

1  n/h  r. 

Rank 

1  n/  h  r. 

Rank 

June 

30, 

1941    (No.  1) 

1  .  77 

1 

4.32 

5 

2.82 

2 

None 

Aug. 

19. 

1940 

1.76 

2 

2.58 

20 

1.96 

9 

1  .42 

4 

July 

15, 

1938 

1.68 

3 

4.02 

6 

1.50 

14 

None 

June 

17, 

1943 

(.56 

4 

5.64 

1 

2.  40 

3 

1  .26 

6 

June 

25, 

1938 

1.  33 

5 

5.  58 

2 

3.  36 

I 

2.09 

1 

_Ju  Ij^ 

194  1 

1.31 

6  _ 

2.94 

14 

1.20 

2  1 

.60 

25 

June 

12, 

19  38 

1  .  28 

7 

5.  22 

3 

2.  14 

7 

1  .  14 

8 

June 

26, 

19  38 

1  .  19 

8 

2.82 

15 

1 .  42 

17 

.83 

15 

June 

27, 

1938 

1  .  16 

9 

1 .92 

30 

1  .  24 

19 

.80 

17 

June 

30, 

1941   (No.  2) 

1.03 

10 

3.  36 

10 

1  .  54 

12 

1.  36 

5 

\  comoarison  of  the  storm  of  JunP  23,  1938,  with  that  of  July  8,  1941.   is  given  be- 


June  23,  1938 

Peak   rate  of  runoff      -  Rank  5 

10  min.    rainfall  -  Rank  2 

30  min.    rainfal I  -  Rank  I 

60  min.    rainfal I  -  Rank  I 

9-day  antecedent   rain  0. 12  inch 


Ju ly  8,  1941 

Peak   rate  of  runoff 

10  min.  rainfall 
30  m  i  n  .  rai  n  f  al  I 
60  m  i  n .    ra  i  n  f  al  I 

9-day  antecedent   rai  n 


-  Rank  6 
-Rank  14 

-  Rank  21 

-  Rank  25 
6 . 90  i  nches 


The  highest  rainfall  intensities  for  30  and  60  minutes  and  the  second  highest  for 
10  minutes  produced  a  peak  rate  of  runoff  on  June  26,  1938.  that  ranked  only  fifth  in 
order  of  magnitude.  The  storm  of  Tuly  8,  1941.  produced  a  peak  rate  of  runoff  that 
ranked  sixth  in  magnitude.  The  10-minute,  30-minute,  and  60-minute  rainfall  intensities, 
however,  ranked  only  14,  21,  and  25,  respectively.  Obviously  other  factors  than  rainfall 
intensities  determined  the  magnitude  of  peak  rates  of  flow.  That  one  of  these  other 
factors  is  the  amount  of  moisture  in  the  soil  prior  to  runoff  is  evidenced  by  a  compari- 
son of  the  9-day  antecedent  rainfall  for  the  two  storms. 

W-i  vs  W-V  vs  W-X 

Where  small  watersheds  are  adjacent,  or  close  together,  they  are  generally  subject 
to  the  same  rainf a  11 - intens ity  patterns  and  prior  rainfalls.  If  rainfall  were  the  only 
factor  or  even  the  most  important  factor,  a  particular  rain  should  produce  similar  run- 
offs on  such  areas,  and  over  a  period  of  years  the  rank  of  runoffs  should  parallel  the 
rainfall  ranking.  In  table  11  is  a  listing  of  the  10  highest  runoffs  for  'V-T  (8.22 
acres,  strip  cropped)  and  corresponding  runoffs  on  W-V  (4.07  acres,  contour  planted 
above  a  diversion  terrace)  and  corresponding  rainfalls  for  a  6-year  period  at  College 
Park.  The  areas  are  a  distance  of  about  400  feet  apart  and  throughout  the  period  each 
had  about  30  percent  ro\v  croos  (corn  or  sorghum)  planted  within  2  percent  of  the  contour. 
The  other  crops  in  the  3-year  rotation  were  hay  and  winter  grain,  so  that  each  of  the 
areas  had  about  the  same  proportion  of  the  three  crops  each  year  (refer  to  fi^a.  17  and 
18,  pp.  55  and  56,  and  pi.  6,  p-  38)- 


NJ-30.246  (NJ-30.005  D) 


A,  View  of  cropland  terrace  T- 1  on  the  H.  Surgent  farm  ( W- 1  )  near  Freehold,  N.  J.^ 
on  November  6,  1937-  Plantingand  cultivation  of  soinach  is  r»arallel  with  terrace 
ridge  on  the  right.  A  Sudan  grass  cover  croo  strip  lies  between  spinach  and  kale 
strip  on   left.      The    terrace   channel    drains   toward  house    in  background. 


3.  Method 
e  I  1  e  I 
Surgent 


of  handling  point  rows  in  spinach  field  where  terrace 
View  was  tnken  November  20,  1942.  between  terraces 
farm   (see    figs.    12  and  13). 


ridges  are  not  par- 
T-7   and   T-8   on  the 
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Table  n.--Peak  rates  of  runoff  for  Cdlleie  Park,  Hd.,  uatersheds  y-i  (strip  cropped) 
and  ihV  (contour  tillage  above  terrace)  and  corresponding  maximum  rates  of  rain- 
fall. 


Peak 

rat  es 

of  runoff 

Maximum  rainfall    rates  for 

Date  of  storm 

W-  1   ( 8 . 

22ac  ) 

W-V  ( 4.07ac ) 

10  m' 

n . 

30  mi 

n . 

60  m 

n . 

1  n/h  r. 

Rank 

1  n/h  r. 

Rank 

1 n/h  r. 

Ran  k 

1  n/  h  r. 

Rank 

1  n/  h  r. 

Rank 

July  22,  1945 

3.6  1 

1 

1  .45 

1 

6.  12 

2 

3.  58 

1 

nc 

50  e 

Nov.   8,    1943     (No.  I] 

1  .93 

2 

.  68  1 

3 

4.  56 

5 

2 .  44 

4 

1  .  53 

1 

Aug.    1.  1945 

1.91 

3 

.434 

7 

4.  98 

2.  26 

5 

1.41 

3 

July    17,  1945 

1  .85 

4 

.656 

4 

3.24 

20 

1.86 

1  2 

1 .  20 

8 

Nov.   8,    1943  (No.  2) 

1 . 80 

5 

1.  13 

2 

2.76 

25 

1  .82 

14 

1.  28 

5 

Oct.    15.  1942 

1  .75 

6 

.526 

6 

2.88 

24 

1.92 

10 

1.  26 

6 

Aug.    10.  1942 

1.67 

7 

.539 

5 

5.58 

3 

2.68 

2 

nc 

ne 

June  21.  1945 

1 .  28 

8 

.  383 

8 

4.  20 

7 

1 .98 

8 

1 .  35 

4 

July  26,  1945 

1  .05 

9 

.280 

10 

3.96 

1  1 

2.02 

7 

1  .  45 

2 

May  28.  1945 

.937 

10 

.  170 

17 

3.84 

12 

2.62 

3 

nc 

n  e 

Average  (  10 )  rates 

1.78 

0.625 

(  W- 

-V  rates 

55%  of  W-l  ) 

Adj  u  st ed  fo  r  size 

^2.  22 

.625 

( W-V  rates 

28%  of  W-l  ) 

iW-I  rates  multiplied  by  area  factor  (1.245)  to  bring  them  to  4.07-acre  values  for  com- 
parison with  W-V. 


Rainfall  Intensities  and  Soil  Moisture 

Table  11  indicates,  for  the  College  Park  watersheds,  W-I  and  W-V,  a  better  agreement 
between  the  highest  intensities  of  rainfall  and  the  higher  rates  of  runoff  than  was 
the  case  for  the  Surgent  (W-I)  watershed.  The  three  highest  rates  of  runoff  on  W-I  were 
all  produced  by  storms  having  relatively  high  intensities  for  the  10-minute,  30-minute, 
and  60-minute  periods.  However,  runoffs  of  rank  four,  five,  and  six  on  W-T  and  four, 
two,  and  six  on  W-V  were  all  produced  by  low  intensity  storms.  As  in  the  Julv  8,  1941, 
storm  on  Surgent  W-I,  these  storms  occurred  when  the  soil  had  been  saturated  by  antecer 
dent  rains. 

Type  of  Cover  and  Its  Location  with  Respect  to  Gaging  Station 

For  the  6-year  period,  a  comparison  of  the  time  of  occurrence  of  peak  rates  was  made 
for  concurrent  runoffs  from  W-I  and  W-V,  when  the  soil  profiles  were  near  saturation. 
The  results  of  these  comparisons  are  shown  in  tabular  form  on  the  next  page: 
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W-l 

W-V 

(8.22  acres  -  Strip  cropped  within  2%  of 
the  contou  r.  ) 

'  (4.07  acres  -  Planted  within  2%  of  the  con- 
tour above  diversion  terrace. 1 

Wi  nter  Season  s 

Complete  coverage  -  wheat,   hay,   and  rough 

Complete  coverage  -  wheat,   hay,   and  rough 

p 1  owed . 

p 1  owed. 

Peaks  occu red  4  minutes  to  3  hours  later 
than  those  on  W-l  . 

Summer  Seasons 

1940 

and    -  Row-crop  strips  closest  to  gaqinq 

1943  station. 

194  1 

and    -  Row-crop  strips  in  intermediate 

1944  pos  i  t  i  on . 

1940 

and     -  Row-crop  field  farthest  from  qaoinq 
1943  station. 

Peaks  occurred  3  to  43  minutes   later  than 

those  on  W- 1 . 
1941 

and    -  Row-crop  field   in  middle  of  area. 
1944 

Peaks  occurred  from   15  to  35  minutes  later 
than  those  on  W- 1  . 

Summer  Seasons 

1942 

and    -  Row-crop  strips  farthest  from  qaqinq 
1945  station. 

1942 

and     -  Row-crop  field  closest  to  qaqinq 
1945  station. 

Peaks  occurred  from  0  to    15  minutes  later 
than  those  on  iV-V. 

In  the  winter  seasons,  disregarding  runoffs  where  snow  distribution  was  uneven  or  the 
melting  of  snow  was  unequal  due  to  differences  in  exposure,  the  peaks  from  the  diversion 
terrace  on  W-V  generally  occurred  from  4  minutes  to  2  to  3  hours  later  than  those  on 
W-I.  In  the  summer  seasons,  when  the  cultivated  area  was  in  the  middle  field  or  the 
south  field  of  W-V,  the  runoffs  generally  lagged  from  3  to  43  minutes  behind  those  of 
W-T.  In  1942  and  1945,  when  the  row  crop  was  nearest  the  runoff  station  on  W-V  Cnorthern 
field)  and  most  remote  on  W-I,  the  peak  occurred  on  W-V  either  at  the  same  instant  or 
earlier  by  S  to  15  minutes  than  that  on  W-I.  From  the  foregoing,  two  deductions  may  be 
made:  (1)  That  the  cultivated  land  produces  the  greatest  proportion  of  runoff,  even 
though  contour  planted,  in  comparison  with  the  grain  and  hay  fields,  and  (2)  that  the 
location  of  the  cultivated  fields  or  strios  determine  the  period  of  rise  of  the  hydro- 
graphs  and  influence  the  magnitude  of  the  peaks. 

Channel  Storage.  - -Samples  of  runoff  water  have  always  sho^^'n  considerably  lower  con- 
centrations of  silt  on  W-V  than  on  W-T.  This  is  evidence  of  the  degree  of  velocity  con- 
trol in  the  channels  removing  the  runoff.  The  diversion-channel  grade  of  0.44  foot  per 
hundred  feet  on  W-V  controls  the  speed  more  effectively  than  the  average  grade  of  3  feet 
per  hundred  feet  on  W-I.  The  actual  values  of  the  runoff  peaks  are  shown  in  table  11.  A 
comparison  of  some  important  factors  including  the  average  of  the  10  highest  peaks  on 
W-I  with  the  corresponding  peaks  on  W-V  is  shown  below: 


W-l 

W-V 

(8.22  acres  -  Strip  cropped.  1 

Average  slope  of  waterway  =  3  feet  per  100 
feet. 

* 

(4.07  acres  -  Contour  planted  above  a  di- 
version terrace. ) 

Diversion-terrace  grade  =  0.44  foot  per  lOO 
feet. 

Silt  concentration   in   runoff  water   1  ess 
than  fo  r  W- 1 . 

Average   10  highest  peaks  =  1.78  inches  per 
hou  r. 

Average  corrected  to  4.07  acres  =  2.22 
inches  per  hour. 

Average   10  corresponding  peaks  =  0.625  inch 

per  hou  r. 
0 .625  i  nch  per  hou  r. 
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The  10  hifl;hest  oeaks  on  W-T  average  1.78  inches  per  hour  while  the  corresponding 
peaks  on  W-V  average  0.625  inch  per  hour.  The  W-V  rates  average  but  35  percent  of  those 
on  W-I.  Multiplyine;  the  W-I  rates  by  the  area  factor  of  1.24S  taken  from  the  area-factor 
curves  already  discussed,  brings  W-I  rates  to  the  values  that  can  be  expected  from  a 
strip-cropped  drainage  area  of  4.07  acres,  the  same  size  as  W-V.  On  this  basis,  the 
average  rates  on  W-I  are  increased  to  2.22  inches  per  hour.  The  W-V  rates  then  average 
but  28  percent  of  those  on  W-T.  The  low  comparative  rates  on  W-V  are  partly  the  result 
of  the  channel-storage  factor  in  the  diversion  terrace,  which  has  a  marked  effect  in  re- 
ducing the  magnitude  of  the  peak  rates  by  delaying  and  leveling  off  the  hydrographs. 

Depth  and  Permeability  of  Soil 

The  effect  of  depth  and  permeability  of  soil  on  the  magnitude  of  peak  rates  of  run- 
off is  shown  by  the  following  comparison  of  the  average  of  the  eight  highest  peaks  for 
2.4  years  from  W-I,  and  the  corresponding  peaks  on  W-X  and  W-V: 


W-I 

W-X 

W-V 

(8.22  acres  -  Strip  cropped.) 

(3.04  ac  res-  St  ri  p 

cropped  above  a  diver- 
sion te  rrace. ) 

(4.. 07  acres  -  Contour  planted 
above  a  diversion  terrace.) 

Moderately  deep  soil. 

Shallow  to  moderately  deep 

Moderately  deep  soil. 

10%  wel  l-drai  ned 

38%  vvel  1  -d rai  ned 

100%  we  1 1 -d  rai  ned 

Average  of  8  highest 
peaks  corrected  to 
A.  07  acres  =  |  oo%  of  W-  I 
average. 

Average  of  8  correspond- 
ing peal<s  corrected  to 
4.07  acres  =  345  of  W-I 
ave  rage. 

Average  of  8  corresponding 
peaks  =  29%  of  W-I  average. 

The  Chillum  loam  and  gravelly  loam  on  W-V  are  moderately  deep  and  100  percent  well- 
drained,  whereas  the  Beltsville  and  Leonardtown  loams  and  Berwyn  silt  loam  on  W-I,  while 
also  classed  as  moderately  deep,  are  somewhat  shallower  than  on  W-V  and  90  percent  im- 
perfectly drained.  W-X,  a  nearby  3.04-acre  area  above  a  diversion  terrace,  strip  cropped 
nearer  to  the  contour  than  W-T  or  W-V  (see  figa.  17  and  18,  pp.  55  and  56)  has  soils 
that  are  shallow  to  moderately  deep  y>d  62  percent  imperfectly  drained.  It  is,  there- 
fore, intermediate  between  W-I  and  W-V  in  drainage  condition.  It  has  a  short  record  of 
runoff  of  only  2.4  years,  but  comparison  of  the  peak  rates  of  the  eight  highest  runoffs 
on  W-I  (adjusted  to  4.07  acres)  for  this  short  period  with  the  corresponding  rates  on 
W-X  (also  adjusted  to  4.07  acres)  and  W-V  actual  rates,  shows  that  W-V  rates  average  29 
percent  and  W-X  rates  average  34  percent  of  those  on  W-I.  It  seems  reasonable  to  assume 
that  the  relatively  low  peaks  on  W-V  were  due  in  part  to  the  moderately  deep,  well- 
drained  soils  on  that  area. 

W-I 11  vs  W-IV 

Direction  of  Tillage 

Direction  of  tillage  may  overshadow  the  effect  of  all  other  factors  on  the  magnitude 
of  peak  runoff  rates.  This  was  found  to  be  true  in  the  following  comparison  of  peak 
rates  from  adjacent  areas  W-III  and  W-TV: 


uo 


W-l  1  1 

W-l  V 

A  rea  =6.06  ac  res 

Area  =5.1)  acres 

Truck  crops. 

Truck  crops. 

94%  deep  well-drained  soil 

54%  deep  well-drained  soil 

I  942 


Up  and  downhill  tillage 

Contou  r 

ti  1 

1  age 

Average  of  5  corresponding  peaks  =  |00% 

Average 

of 

5  highest  peaks  =  19%  of  that  for 

W-l  1  1 

1943  and  1944 


Contou  r  t  i 

1  age 

Up  and  downhi 

II   ti  1  1  age 

Average  of 

5  corresponding  peaks  =  37%  of 

Average  of  5 

highest  peaks  =  100"? 

that  for 

WHI  V. 

Areas  ^'-ITT  and  ".jv  were  practically  equal  in  size  C6.06  and  6.11  acres)  and  tnpre 
both  devoted  to  the  production  of  truck  crops  of  s'weet  corn,  baby  lima  beans,  and  edible 
soybeans  for  the  3  years  1942  to  1944  (see  fig.  20,  p.  58).  Fiiure  19,  page  57,  shows 
that  W-TII  is  largely  (94  percent)  deep  and  well-drained  sandy  loam  and  loam,  while 
54  percent  of  W-IV  is  deep,  well-drained  loam,  and  the  remaining  46  percent  is  deep  loam 
and  silt  loam  tending  toward  imperfect  drainage  in  the  lower  orofile.  In  1942,  when 
W-TV  was  in  contour-tilled  row  crops,  the  five  highest  runoffs  CO. 622,  0.615,  0.138, 
0.135,  and  0.111  in./hr.)  averaged  19  percent  of  the  concurrent  peaks  on  W-ITI  CI. 36, 
3.17,  1.10,  1.88,  and  1.22  in./hr.,  respectively),  tilled  uo  and  down  the  slope.  In 
1943  (P^-  7)  and  1944,  when  the  direction  of  tillage  was  reversed  on  the  two  watersheds, 
the  five  peaks  CO. 656,  1.87,  1.29,  0.626,  and  0.437  in./hr.)  on  contour-tilled  W-ITI 
averaged  only  37  percent  of  the  corresponding  five  highest  flows  C4.33,  2.97,  2.24,  2.21, 
md  1.37  in./hr.,  respectively  )  on  W-IV,  which  was  cultivated  uo  and  down.  Although  the 
differences  in  the  oercentages  of  deep,  well-drained  soil  on  the  two  areas  undoubtedly 
affected  the  magnitude  of  the  peak  runoff  rates,  the  direction  of  tillage  was  the  pre- 
dominant factor. 

Depth  and  Permeability  of  Soil 

A  comparison  of  oeak  rates  from  the  same  areas  (^-111  and  'V-IV)  was  made  for  the 
period  when  both  areas  were  in  pasture.  The  results  of  this  comparison  are  given  in  the 
following  tabulation: 


W-  1  1  1 

y 

Area  =  5.66  acres 

Area  =  8. 

01  acres 

Pastu  re 

Pastu  re 

Deep  well-drained  soil  94% 

Deep  we  1 1 

-drained  soi 

54% 

Average  of  5  corresponding  peaks  =  59%  of 

Ave  rag  ei 

of  5  h  i  ghest 

peaks 

100% 

that  for  W-IV. 

^Corrected  to  5.66  acre-area. 


'"hen  both  areas  were  in  pasture,  the  five  corresponding  actual  peaks  on  W-III 
C5.66  acres)  averaged  66- oercent  of  the  five  highest  peaks  on  W-IV  C8.01  acres)  or  con- 
sidering size  r e lat ionshios ,  these  peaks  were  59  percent  of  those  on  T-IV  (rates  for 
5.66  acres).  This  would  indicate  that  the  depth  and  permeability  of  the  soil  may  be  the 
dominating  factors  when  the  areas  are  under  pasture  or  when  the  tillage-direction  factor 
is  eliminated. 


A,  Lima  bean  fields  on  July  16.  1943,  near  College  Park.  W-IV  planted  up  and 
down  the  slope  to  the  left  of  the  auto,  which  stands  on  the  dividing  dike  of 
the  twin  areas.  W-III  (to  right)  is  planted  on  the  contour  following  two 
contour  base  lines.     Latest  planting  is  nearest  auto. 


S,   Cultivating   lower  contpur  planted  strip  on  W-III  on  July  a,    1943-  Point 
rows  meet   lower  base   line  at  upper  right. 


U2 

Plati 


A,  Southeast  view  of  pastured  watersheds  (College  park)  en  May  29« 
1942i  in  initial  period  before  any  furrows  were  plowed  in.  Here- 
ford steers  are  on  W-VII  beyond  4x4-foot  pasture  cage  used  for  de- 
termining yields.  W-Vl  watershed  is  in  the  right  background  be- 
yond rain  gage  R-4  on  dividing  dike. 


B,    View  of    furrows  on  W-VII    loekinf  west   on  May    X2,    1943>  Three 

to  five  inches  of  water  standing  in  center  furrow  came  from  a 
l.SO-^inch  rain  in  13  hours  ending  3.S  hours  before.  There  was 
negligible  runoff  on  the  furrowed  pasture  W-VII  whereas  there  were 
three  small  runoffs  on  W-VI,  the  uncontrolled  pasture,  with  a 
total    loss  of   0.15   inch  of  runoff. 
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W-VI  vs  W-VII 

Depth  and  Permeability  6{  Soil 


The  importance  of  depth  and  permeability  of  soil  as  factors  affecting  the  magnitude 
of  peak  rates  of  runoff  is  further  illustrated  by  the  following  comparison  of  the  peak 
rates  from  W-VI  and  W-VII  for  the  initial  comparative  period: 


W-VI  1 

1                                 W-VI 1 

initial  2. 7-year  Cc 

jmparative  Period 

Common  pasture 

Common  pasture 

Moderately  deep,  soil   48%  well-drained 
Average  of  10  highest  peaks  =  74.%  of  that 
for  W-YI  1  . 

Shallow  soil,    100*  imperfectly  drained 
Average  of  10  corresponding  peaks  =  | 00% 

Areas  W-VI  and  W-VII,  (fii-  21,  p.  59.  and  pi.  8,  4,  p.  42)  are  ad jacent  pastured 
areas.  The  soils  of  W-VI  are  moderately  deep,  roughly  one-half  imperfectly  drained  silt 
loams,  and  one-half  well-drained  sandy  loam.  The  soils  of  W-VII  are  predominantly  silt 
loams,  shallow,  and  imperfectly  drained.  In  the  first  comparative  period  of  2.7  years, 
the  10  highest  peaks  on  W-VI  (better  drained)  avera*ged  74  percent  of  the  corresponding 
peaks  on  W-VII  (imperfectly  drained).  On  both  areas  the  peaks  occurred  at  about  the 
same  time,  but  varied  5  to  10  minutes  on  occasion. 

Depression  Storage 

The  introduction  of  an  additional  factor  may  at  times  offset  the  effect  of  depth  and 
permeability  of  soil.  This  was  demonstrated  in  the  comparison  of  the  peak  rates  of  W-III 
and  W-IV  where  the  direction  of  tillage  was  shown  to  be  the  predominant  factor.  A 
further  illustration  is  provided  in  the  following  comparison  of  peak  rates  from  W-VI  and 
W-VII  for  the  second  comparative  period: 


W-VI 

W-VI  1 

Moderately  deep  soil 

48%  wel 1 -drained  j 

Shal low  soi  1 

100%  Imperfectly  drained 

initial  2.7-year  Comparative  period 

Common  pasture 
Average  of   10  highest  peaks  =  74%  of 'that  ^ 

Common  pasture 
Average  of  10  corresponding  peaks  =  \oo% 

"     »»-vii-                        Second  2.6-year  Co'mparatlve  Period 

Common  pasture 

pasture  with  20-foot  contour  furrows 

Average  of  10  corresponding  peaks  =  I00% 

Average  of  10  highest  peaks  =  75%  of  that 
for  W-VI . 

During  the  second  period  of  2.6  years,  after  the  20-foot  contour  furrows  had  been 
added  to  W-VII  (pl.  b>  B),  the  10  highest  peaks  averaged  75  percent  of  the  10  correspond- 
ing peaks  on  W-VI  or  a  net  reduction  on  W-VII  of  44  percent  in  magnitude.  The  time  of 
peaks  on  W-VII  generally  lagged  3  to  IS  minutes  behind  W-VI.  Creation  of  depression 
storage  on  W-VII  by  the  construction  of  the  furrows  greatly  reduced  and  delayed  the  run- 
off peaks  on  the  shallow,  relatively  tight  soil. 

Contour  Furroirs  v  Common  Pasture 

Peak  rates  of  runoff  from  W-VI,  above  a  low  minimum  limit  were  plotted  against 
corresponding  values  from  W-VII  for  both  first  and  second  comparative  periods.  These 
plottings  resulted  in  considerable  scatter,  as  shown  in  the  two  upper  diagrams  in  figure 
11,  even  though  the  areas  were  in  pasture.  Rather  than  determine  a  regression  line  for 
this  scatter  of  concurrent  peaks,  the  data  for  each  watershed  for  each  of  the  two  periods 
were  evaluated  on  a  frequency  of  recurrence  basis.     Peak  rates  for  various  frequencies 
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for  W-VT  were  then  plotted  against  the  corresponding  values  for  W-VTT  for  both  initial 
and  second  comparative  periods  (lower  diagram,  fig-  11)-  For  2-year  peaks  in  the  initial 
period  the  W-VIT  values  were  135.5  percent  of  those  on  W-VT  (2.10  100/1.55).  In  the 
second  period,  with  furrows  on  W-VTT,  2-year  peaks  were  78.9  percent  of  those  on  W-VT 
which  was  unchanged  (1.80  100/2.28).  Using  W-VT  as  a  check  area  the  net  change  on 
W-VTT  due  to  placing  of  the  furrows  was  100  -  (78.9  x  100/135.5)  or  41.8  percent  de- 
crease in  peak  rates.  Values  or  relationships  derived  indirectly  by  the  methods  de- 
scribed above  have  their  limitations  in  use  but  are  of  considerable  aid  to  judgment.  It 
is  believed  that  ratios  of  peak  frequencies  for  a  recurrence  interval  of  about  the  length 
of  the  comparative  periods  are  safer  to  use  in  determining  such  relationships  than  higher 
values,  such  as  5  or  10-year  oeaks  which  are  based  upon  extrapolations  of  the  curves. 

W-VIII  vs  W-IX 

Woodland  Litter 

The  effect  of  woodland  litter  upon  the  magnitude  and  time  of  occurrence  of  peak 
rates  of  runoff  is  shown  in  the  following  comparison  of  peak  rates  from  W-VTTT  with  those 
from  W-IX. 


v\f-VI  1  1 

W-  1  X 

Area  =  2.  43  ac  res 

Moderately  deep  soil,    imperfectly  drained 
Cut-over  woodland 
Good  to  poo  r  litter 

Area  =  12.05  acres 

Moderately  deep  soil,  well-drained 
Matu  re  wood  1  and 
Uniformly  good  litter 

Average  of  6  highest  peaks  =  100% 

Average^  of  6  corresponding  peaks  =  22%  of 

that  of  W-Vi  1  1 
Peaks  occurred  from   15  minutes  to  2  hours 

later  than  those  on  W-VIII. 

^Corrected  to  2.43  acres. 


The  wooded  watersheds  at  College  Park  are  0.8  of  a  mile  apart  and  both  have  mod- 
erately deep  soils.  Area  W-IX  consists  of  12.05  acres  of  mature  woodland  and  is  well- 
drained.  Area  W-VTII  consists  of  2.43  acres  of  cut-over  woodland  and  is  imperfectly 
drained.  The  six  actual  peaks  for  W-TX,  in  5  years,  compared  with  the  corresponding  six 
highest  peaks  on  W-VIII  average  13  percent  of  those  for  the  cut-over  area.  Increasing 
W-TX  rates  to  2.43  acres  by  multiplying  by  the  size  factor  1.65  shows  the  six  peaks  on 
W-TX  to  be  22  percent  of  those  on  W-VTIT.  Field  observations  indicate  that  on  these 
woodlands,  where  there  is  a  good  litter  on  the  forest  floor,  the  rain  percolates  into  the 
ground  and  part  of  it  appears  later  as  subsurface  flow.  Where  the  litter  is  poor  or  ab- 
sent, as  on  parts  of  W-VTII  (see  pi.  4,  A,  p.  22),  some  water  flows  off  as  surface  runoff. 
It  was  also  observed  that  W-IX  always  reached  its  peak  IS  minutes  to  2  hours  later  than 
the  smaller  area,  which  would  indicate  that  more  subsurface  flow  takes  place  on  this 
watershed  than  on  W-VTTT. 


U6 


DETAILED  DESCRIPTIONS  OF  THE  EXPERIMENTAL  AREAS 


The  characteristics  of  the  14  watersheds  have  been  summarized  in  tables  1  and  2. 
pages  4  and  5.  The  information  Riven  in  these  tables  may  be  suf f icient  f or  the  casual 
reader.  For  those  wishing  to  make  a  more  comprehensive  study  of  the  results  presented 
in  this  publication,  descriptions  in  greater  detail  are  e;iven  in  the  followins;  pages.  It 
is  anticipated  that  the  results  of  the  analysis  of  total  runoff  from  the  areas  will  be 
added  to  the  report  at  a  later  date.  When  this  is  done,  the  revised  and  enlarged  publi- 
cation will  constitute  a  complete  summary  of  the  studies.  To  further  this  objective,  the 
maps,  cropping  histories,  and  all  other  information  pertinent  to  the  areas  should  be 
available  to  the  reader.  Such  descriptions  will  be  found  in  the  following  paragraphs  and 
in  the  maps  on  pages  48  to  52  and  55  to  60. 

Freehold  Watersheds 

The  areas  near  Freehold,  N.  J- ,  were  selected  on  private  farms  lying  within  the 
former  17,133-acre  Manalapan  Creek  Demonstration  Project  of  the  Soil  Conservation  Service 
in  Monmouth  County.  This  is  now  a  part  of  t)ie  official  Soil  Conservation  Distiict  NJ-3. 
The  four  watersheds  lie  near  the  headwaters  of  Manalapan  Creek,  a  tributary  of  the 
Raritan  River. 

W-I  lies  on  the  farm  of  H.  Surgent,  1-3/4  miles  southwest  of  Freehold,  N.  T.  The 
soils  are  deep  and  well-drained.  Freehold  sandy  loam  occupies  91  percent  of  the  area, 
and  Collington  loam  the  remaining  9  percent.  Erosion  had  been  severe  on  65  percent  of 
the  area  as  indicated  in  erosion  map,  figure  22-  For  a  number  of  years  the  area  within 
the  watershed  line  had  produced  truck  crops  such  as  lima  beans,  spinach,  onions,  chicory, 
kale,  broccoli,  cucumbers,  etc.  Rows  were  run  up  and  down  the  1  to  12  percent  slope, 
parallel  with  the  main  county  highway  to  Freehold.  In  1937,  nine  broad-base  cropland 
terraces  were  constructed  on  the  area,  as  shown  on  the  topographic  map,  figure  12 t  page 
48.  These  discharged  into  a  previously  vegetated  terrace-outlet  channel  16  feet  wide, 
running  up  the  central  part  of  the  area.  This  channel  was  designed  for  a  flow  of  60 
cubic  feet  per  second.  On  August  17,  1938,  terraces  T-8  and  T-9  (fig-  13)  were  extended 
to  the  east,  increasing  the  drainage  area  from  15.7  to  17.5  acres.  Data  on  terrace 
lengths,  channel  slopes,  and  actual  vertical  intervals  of  the  terraces  compared  with 
those  recommended  for  the  Northeastern  States  by  the  Soil  Conservation  Service  are  also 
given  in  figure  13,  together w ith  some  typical  cross  sections.  The  height  of  the  terraces 
was  fairly  well  maintained  by  plowing  to  the  ridges.  Truck  crops  were  planted  on  the 
terraces  parallel  with  the  terrace  ridges  and  on  the  approximate  contour,  with  the  point 
rows  generally  coming  between  the  terraces  as  illustrated  in  plate  5,  page  35.  The  kind 
of  crops,  the  lay-out  of  rows,  etc.,  are  shown  in  figure  12  for  1941.  When  possible, 
Surgent  planted  Sudan  grass  between  short  season  crops,  and  plowed  it  under  for  green 
manure.  He  also  applied  barnyard  manure  on  the  land  about  every  2  years.  The  land 
generally  had  no  winter  cover  except  some  crop  residues  and  weeds. 

W-II  on  the  T.  Smith  farm  lies  3.5  miles  southwest  of  Freehold,  N.  T- ,  and  1  mile 
south  of  Millhurst,  N.  J- .  (see  fig.  14)-  It  originally  had  a  natural  watershed  area  of 
34.2  acres  which  was  reduced  to  32.9  acres  in  February  1939  by  placing  a  channel  into  the 
woods  on  the  northeast  margin  of  the  drainage  area.  Freehold  sandy  loam  comprises  87 
percent  of  the  area,  with  12  percent  jpf  Collington  loam  which  is  also  deep  and  well- 
drained.  There  has  been  considerable  deposition  of  soil  from  the  higher  lying  slopes  in 
the  main  drainageway  as  shown  in  the  erosion  map,  figure  14-  This  deposit  absorbs  small 
runoffs  completely  and  reduces  the  medium  flows  to  a  considerable  degree.  The  land  has 
been  devoted  to  rather  intensive  use  in  the  production  of  potatoes  and  general  croos 
during  the  growing  seasons,  but  all  areas  were  protected  by  a  winter  cover  crop  of  rye. 
Field  2a  had  an  annual  crop  of  corn  except  in  1939  when  it  had  hay  and  cowpeas.  Field  2b 
had  a  2-year  rotation  in  corn  and  hay,  or  corn  and  soybeans.  Both  fields  were  planted 
of f -contour ,  as  shown  in  figure  14-     Field  3  was  strip  cropped  on  the  contour  in  1939  , 
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and  the  diversion  terrace  was  added  in  Aut?u«!t  1940-  The  strips  were  cropped  with  wheat 
and  soybeans  or  corn,  wheat,  hay,  and  alfalfa.  Field  4  produced  soybeans  for  4  years  and 
corn  for  2  years.  Fields  5  and  6  were  planted  off  the  contour  to  potatoes  every  year. 
Field  7  had  soybeans  and  corn  alternating  and  was  contour  planted. 

T-III  is  located  0.4  mile  southwest  of  ^-T  or  about  2  miles  from  Freehold,  mainly 
on  the  T-  Sherrard  farm.  (See  fi^.  15.)  Parts  of  three  other  farms  comprise  the  re- 
mainder of  the  natural  watershed  area,  totaling  51.8  acres.  Freehold  loam  and  sandy  loam 
occupy  84  percent  of  the  area  and  are  deep  and  well-drained.  The  Shrewsbury  loam  and 
sandy  loam  and  the  Adelphia  sandy  loam  occupy  the  remaining  16  percent  of  the  area  and 
are  deep,  imperfectly  to  poorly  drained.  They  lie  principally  along  the  main  drainage 
channel,  and  about  two-thirds  are  accumulations  from  areas  above.  Unlike  W-T  and  W-II, 
this  watershed  had  continuous  runoff  for  the  period  of  record.  Fields  1,  2,  4,  and  5 
were  in  oermanent  pasture,  comprising  22  percent  of  the  area.  Field  3  produced  potatoes 
on  off-contour  planting  every  year  except  1941  and  1942  when  soybeans  and  oats  were 
planted  and  pastured.  Field  6  was  planted  to  potatoes  off-contour  in  1939,  1941,  and 
1943,  with  rye  and  hay  in  alternating  years.  Fields  7  and  13  were  used  for  garden  truck 
and  strawberries.  Field  8  was  idle  with  a  cover  of  grass,  weeds,  and  brush.  Fields  9a 
and  9b  were  in  alfalfa  every  year,  except  in  1940  when  potatoes  were  harvested  fromboth, 
and  in  1939  when  field  9a  also  produced  a  crop  of  potatoes.  Fields  10  and  12  produced  po- 
tatoes every  year.  Field  11  was  in  hay"  or  alfalfa  all  of  the  period.  In  most  cases,  the 
potato  fields  were  protected  with  a  rye  winter  cover  crop.  A  24-inch  culvert  under  the 
farm  road  between  fields  2  and  4  caused  backing  up  of  the  higher  flows.  This  tended  to 
reduce  the  peaks  recorded  at  the  gaging  station.  Pondage  corrections  consequently  were 
made  to  the  hydrographs  of  the  larger  storms  to  eliminate  the  effect  of  restricted  flow 
through  this  culvert. 

W-IV  is  a  drainage  area  of  102.7  acres  lying  principally  on  the  William  Ward  and 
G.  T-  Tohnson  farms,  6  miles  southwest  of  Freehold  and  2  miles  from  Millhurst.  Ninety- 
three  percent  of  the  area  was  mapped  as  Freehold  sandy  loam  and  loamy  sand,  as  shown  in 
figure  16,  page  52,  and  is  classed  as  deep,  well  to  excessively  drained.  Considerable 
deposition  of  eroded  materials  has  taken  place  along  the  drainageways  representing  about 
10  percent  of  the  watershed.  The  upper  two-thirds  of  this  area  is  excessively  drained 
loamy  sand  and  probably  reduces  peak  rates  somewhat.  The  lower  third  of  the  deposits, 
just  above  the  gaging  station,  is  poorly  drained.  The  watershed  produced  runoff  almost 
continuously  for  the  first  15  months  when  the  precipitation  was  normal  or  above.  Tn  Tune 
1939,  a  drainage  channel  was  constructed  for  450  feet  above  the  weir,  and  tile  was 
placed  up  to  862  feet  in  order  to  drain  the  poorly  drained  area  described  alaove.  This 
did  not  adequately  solve  the  problem,  so  in  November  1939  nineteen  2-inch  drain  holes 
were  drilled  through  the  base  of  the  concrete  weir  to  lower  the  water  table.  From  this 
time  onward,  no  base  flow  could  be  recorded,  and  only  the  intermittent  surface  runoffs 
were  obtained.  However,  the  effect  on  the  high  rates  of  runoff  utilized  in  this  publica- 
tion if  considered  negligible.  The  rate  of  flow  through  the  drain  holes  was  of  the  order 
of  a  small  fraction  of  a  cubic  foot  per  second,  while  the  lowest  rates  of  runoff  used  in 
determining  the  frequency  of  recurrence  of  peak  rates  were  of  the  order  of  10  cubic  feet 
per  second.  Off -contour  cropping  of  the  areas  was  followed  during  the  period  of  record. 
The  lower  maps  in  figure  16  show  the  crops  in  Tune  1938  and  May  1940.  In  other  years, 
the  cropping  was  quite  similar. 
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FIGURE  12---Phy<=iopraphic  characteristics  and  tyoical  crooning  Procedures  on  the 
cropland  terraces  of  the  H.  Sur^ent  farm  (W-I)  near  Freehold,  N.  J- 
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Figure  13. --Crooland  terrace  lay-out  find  typical  cross  sections  after  7  years  of 
use  on  the  H.  Sur^ent  farm  C^-I)  near  Frei^hold,  N-  J- 
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FIGURE  14- Physiographic  characteristics  and  typical  cropping  plan  on  the  T.  Smith  (W-H)  watershed 

near  Freehold,  N.  J. 
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College  Park  Watersheds 

The  College  Park,  Md. ,  areas,  located  about  7  miles  north-northwest  of  the  Uni- 
versity of  Maryland  campus,  lie  within  the  drainage  area  of  the  tittle  Paint  branch, 
except  W-TX  which  is  on  Paint  Branch.  Both  branches  are  a  part  of  the  Anacostia  River 
system.     All  areas  are  located  within  a  circle,  1.2  miles  in  diameter. 

W-T,  W-II,  W-V,  and  W-X  all  lie  within  an  orit;inal  drainage  area  of  about  35  acres 
which  had  been  farmed  many  years  in  large  rectangular  fields,  mostly  off-contour.  In 
1938,  a  hedgerow  was  removed  and  replaced  by  a  vegetated  terrace-outlet  channel.  Four 
diversion  terraces  were  constructed  to  drain  into  this  outlet  which  conveyed  the  runoff 
water  across  the  road  to  the  east  and  spread  it  out  in  the  woods  as  shown  in  the  maps, 
figures  17  and  IS-  A  fifth  diversion  terrace  'vas  constructed  below  the  two  on  the  west- 
ern slope  and  discharged  runoff  into  the  woods  on  the  south.  This  system  of  water  dis- 
posal protected  the  lower  lS.7-acre  field  from  runoff  from  the  higher  lying  slopes.  This 
lower  area  was  strio  cropped  in  1939  in  uniform  strips  of  96-foot  width  following  a  base 
line  on  about  the  312  contour.  (See  pi.  6,  A.  o.  38.)  A  3-year  rotation  of  corn,  grain, 
and  hay  was  established  on  the  strips,  in-the  order  named,  down  the  slope.  (Refer  to 
fii-  18.)  In  Tune  1939,  a  dividing  dike  was  constructed  up  the  center  of  the  area  form- 
ing twin  (adjacent)  watersheds,  W-I  of  8.22  acres  in  the  eastern  portion,  and  W-II  of 
7.44  acres  in  the  western  part.  W-I  was  made  larger  because  it  was  anticipated  that  the 
Montgomery  County  highway  would  be  re-alined  with  a  flatter  curve  in  the  road  above  the 
320  contour.  This  eventuality  did  not  develop,  however,  and  the  watersheds  remained  un- 
equal in  area.  After  a  complete  I'otation  in  strip  cropping  (3-yr.  initial  comparative 
period)  on  W-I  and  W-II,  the  latter  was  changed  in  November  1942  to  up  and  downhill 
cultivation  in  three  fields  planted  to  the  same  rotation,  while  W-I  was  continued  in 
strip  cropping  without  change.  Corn  strips  or  fields  for  the  next  year  were  generally 
plowed  in  December  and  went  through  the  winter  in  a  rough-plowed  condition  (1940,  1941, 
1942,  and  1944  crop  yrs.).  In  1943  and  1945,  the  plowing  was  not  accomplished  until 
February  and  March.  It  is  believed  that  the  winter  rates  of  runoff  were  little  affected 
by  the  plowing  in  contrast  to  sod.  In  both  cases,  the  most  of  the  rain  or  melting  snows 
percolated  into  the  sod  or  plowed  ground  and  became  subsurface  flow.  The  corn  was 
planted  in  May,  cut  and  shocked  in  Septemjjer,  and  the  corn  stubble  disked  down  and 
drilled  to  winter  grain  in  October.  In  following  this  cropping  procedure,  a  given  field 
or  strip  was  only  exposed  to  the  intense  summer  rains  from  May  to  October,  1  year  out  of 
3.  The  period  when  it  was  in  corn  or  disked  for  winter  grain  is  actually  only  about  17 
percent  of  the  total  time.     (See  pi.  6,  p.  38,  for  views  of  the  areas.) 

Records  on  W-V  (4.07  acres)  were  begun  late  in  1939  by  installing  an  H-3  flume  at 
the  outlet  of  the  1,000- foot  diversion  terrace.  The  dike,  channel,  and  20- foot  filter 
strip  of  this  terrace  are  maintained  in  hay  cover.  The  channel  grade  averages  0.6  per- 
cent for  the  lower  200  feet  and  0.4  percent  for  the  upper  800  feet.  The  cropland  above 
the  vegetated  channel  was  divided  into  three  equal  areas  and  planted  on  the  contour  to 
the  same  rotation  as  W-I  and^H-II,  as  shown  in  figure  18-  In  this  case,  the  opportunity 
for  absorption  of  runoff  from  the  cultivated  field,  in  grain  or  hay  strips  below,  is 
lacking.  The  ground  for  corn  or  sorghum  was  generally  plowed  in  the  spring  in  March  or 
April  (1940,  1943,  and  1945).  In  1944,  it  was  riot  plowed  for  sorghum  until  Tune  2.  In 
crop  years  1941  and  1942,  it  was  plowed  in  the  previous  December. 

W-X  (3.04  acres)  was  installed  in  July  1943.  by  constructing  a  gaging  station  simi- 
lar to  W-V  at  the  outlet  of  the  lower  diversion  terrace  on  the  northerly  slope.  This 
channel  has  a  grade  of  0.9  percent  throughout  its  600  feet  of  length.  Beginning  in  1944, 
the  area  above  the  20- foot  grass  filter  strip  along  the  diversion  channel  was  planted  to 
a  3-year  rotation  of  sorghum,  wheat,  and  hay  on  three  contour  strips.  Each  strip-bound- 
ary was  located  on  the  exact  contour.  The  strips  for  sorghum  were  plowed  in  May  1944  and 
in  March  1945. 

The  distribution  of  the  soils,  slopes,  and  erosion  classes  on  the  four  preceding 
watersheds  is  shown  in  figure  17,  together  with  the  percentages  of  each.  Table  2,  page  5. 
gives  additional  characteristics  of  the  area. 
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Watersheds  W-TII  and  W-IV  were  located  on  soils  adapted  to  truck  croos.  The  water- 
sheds were  laid  out  adjacent  to  each  other  in  the  same  manner  as  W-T  and  ^'-11.  The  areas 
were  maintained  in  ordinary  pasture  for  the  first  18  months  to  provide  an  initial  com- 
oarative  period  to  get  the  differences  in  runoff  characteristics  of  the  areas.  W-IV 
oriRinallv  had  a  drainage  area  of  about  10.8  acres,  but  was  reduced  to  8.01  acres  before 
runoff  measurements  started  by  constructing  the  upoer  diversion  terrace  on  the  west  slope 
shown  on  topographic  map,  figure  19.  It  was  later  (April  1941)  reduced  to  6.11  acres  by 
constructing  a  second  terrace  below  the  first.  W-IIT  orie;inally  had  an  area  of  5.66 
acres  which  was  later  squared  up  by  building  an  extension  to  the  dike  at  the  weir  around 
the  northeast  corner,  makinj?  the  area  6.06  acres,  or  practically  equal  to  W-TV.  The 
first  year  of  cultivation  was  for  the  purpose  of  building  up  the  physical  condition  of 
the  soil  which  was  rather  badly  deoleted.  Therefore,  in  May  1941,  soybeans  were  drilled 
parallel  with  the  divi(?ing  dike  on  both  watersheds  (up  and  down  the  general  slope)  and 
then  disked  in,  in  September,  and  followed  by  a  winter  cover  of  rye.  (See  cropping 
procedures,  fig-  20.)  In  May  1942,  sweet  corn  was  planted  up  and  down  the  slope  on 
W-TTT,  but  on  four  contour  base  lines  on  W-TV.  In  May  1943,  baby  lima  beans  were  planted 
on  both  watersheds  but  the  direction  of  tillage  was  interchanged.  W-TTI  was  contour- 
planted  following  two  base  lines,  and  W-IV  was  planted  up  and  down  the  slope,  parallel 
with  the  dividing  dike.  (See  pi.  7,  p.  41.)  Since  runoffs  during  the  row-crop  season  in 
1943  were  very  light  owing  to  subnormal  rainfall,  the  same  planting  procedure  was  fol- 
lowed in  1944,  using  lima  and  edible  soybeans.  Winter  cover  of  rye  and  vetch  was  olanted 
in  September  both  years.  In  September  1944,  four  cropland  terraces  were  plowed  in  on 
W-III  with  a  2-bottom  plow.  Both  W-TTI  and  W-IV  were  reduced  to  about  S  acres  each  and 
both  planted  on  the  contour  in  1945.  The  soil  profiles  on  both  watersheds  are  deeo  and 
well-drained  sandy  loams  and  loams  evcept  that  about  46  percent  of  W-IV  runs  to  Belts- 
ville  loam  and  Hyattsville  silt  loam  which  have  imperfect  drainage.  However,  this  is 
somewhat  compensated  for  by  a  larger  area  of  deposition  (30  percent)  of  materials  from 
higher  slopes,  compared  with  10  percent  on  W-III.     (See  erosion  map,  fig.  19.) 

The  pastured  watersheds  W-VI  and  W-VII  are  about  3.5  acres  each  and  lie  on  fairly 
steep  irregular  land  that  has  eroded  badly  in  the  past.  Runoffs  from  fiat  lands  above 
are  diverted  to  the  woods  on  the  east  by  diversion  terraces,  as  shown  in  figure  21-  The 
areas  were  seeded  to  pasture  in  1939  and  1940  and  a  dike  constructed  between  the  areas  in 
1940.  The  pastures  were  gaged  for  2.7  years  under  ordinary  pasture  management  to  get 
initial  runoff  characteristics.  In  May  1943,  14  contour  furrows  were  plowed  on  W-VII, 
spaced  20  feet  aoart  on  the  steepest  slope.  (See  pi.  8,  p.  42.)  Vertical  intervals  be- 
tween furrows  ranged  between  1.3  and  3.2  feet,  with  an  average  of  2.1  feet.  It  was  esti- 
mated that  the  furrows  would  hold  from  0.25  to  0.50  inch  of  runoff  from  the  areas  above 
them.  Occasional  cross-dams  were  placed  in  the  furrows  where  they  were  slightly  off- 
contour.  W-VII  is  shallow  and  imperfectly  drained,  while  W-VI  is  46  percent  imperfectly 
drained  and  54  percent  well-drained,  and  moderately  deep. 

Area  W-VIII  is  a  cut-over  woodland  of  2.43  acres  on  Beltsville  silt  loam  which  is 
imperfectly  drained  (fig.  22)-  The  timber  was  logged  off  15  to  2i  years  ago,  and  an 
understory  of  pine  and  hardwoods  is  coming  in  under  the  few  unmerchantable  trees  which 
were  left  during  the  cutting.  In  places  the  growth  is  largely  laurel  and  blueberries, 
with  some  spots  bare  of  litter  but  moss -covered .  The  surface  has  been  burned  in  the 
past,  but  probably  not  graced.  (See  pi.  4,  4,  p.  22,  for  view  of  typical  cover  condi- 
tions.) The  depth  of  precipitation  is  determined  by  a  standard  rain' gage  (S-6)  located 
at  the  flume  and  intensities  from  otVer  nearby  recording  gages. 

W-IX  is  a  mature  woodland  area  of  12.05  acres,  and  had  not  been  touched  by  an  ax  for 
many  years  by  virtue  of  its  inaccessible  location  far  from  roads  and  buildings.  It  runs 
largely  to  mixed  hardwoods  with  some  scrub  pine.  It  has  an  excellent  canopy  over- 
head and  continuous  litter  on  the  ground,  and  no  evidence  of  burns.  A  typical  view  of 
woodland  conditions  is  sho\vn  in  plate  4,  B.  Precipitat ion  is  measured  by  R-5  located  in  a 
cleared  area  (isolated  corn  plot)  130  feet  from  the  northeastern  drainage  line.  Seventy- 
eight  percent  of  the  soils  are  moderately  deep  and  well-drained.  For  maps  of  areas,  see 
figure  22. 
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Figure  22- --Phv<?io^raphic  characteristics  and  woodland  management  on  College  Park 

areas  W-VITT  and  TX. 
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